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Recap: Graph neural networks (GNNs)
! A different way of obtaining ‘deeper’ embeddings inspired by deep 

learning 

! They generalize to graphs with node attributes
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Graph and node attributes 

GNN blocks 

(graph convolution, pooling, nonlinearity)

Transformed graph 

(node/edge embeddings)

Classification layer

End tasks

(node, edge, graph level)

<latexit sha1_base64="FV7uwz6z2ZwZt3qy/rA39CJ2XTU=">AAAB9XicbVDLSgMxFL2pr1pfVZdugkVwIWVGFF1JwYUuK9gHtGPJpJk2NJMZkoxShv6HGxeKuPVf3Pk3ZtpZaOuBwOGce7knx48F18ZxvlFhaXllda24XtrY3NreKe/uNXWUKMoaNBKRavtEM8ElaxhuBGvHipHQF6zlj64zv/XIlOaRvDfjmHkhGUgecEqMlR66ITFDSkR6MznB7V654lSdKfAicXNSgRz1Xvmr249oEjJpqCBad1wnNl5KlOFUsEmpm2gWEzoiA9axVJKQaS+dpp7gI6v0cRAp+6TBU/X3RkpCrcehbyezlHrey8T/vE5igksv5TJODJN0dihIBDYRzirAfa4YNWJsCaGK26yYDoki1NiiSrYEd/7Li6R5WnXPq87dWaV2lddRhAM4hGNw4QJqcAt1aAAFBc/wCm/oCb2gd/QxGy2gfGcf/gB9/gDu7pIf</latexit>

G, X
<latexit sha1_base64="sxPkKtc+h007OBT7dPiQk/VZs3w=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbRhZREFF24KLiwywr2AW0sk+mkHTp5MDNRSsynuHGhiFu/xJ1/46TNQlsPDBzOuZd75rgRZ1JZ1rdRWFpeWV0rrpc2Nre2d8zybkuGsSC0SUIeio6LJeUsoE3FFKedSFDsu5y23fF15rcfqJAsDO7UJKKOj4cB8xjBSkt9s9zzsRoRzJOb9D45Sk/qfbNiVa0p0CKxc1KBHI2++dUbhCT2aaAIx1J2bStSToKFYoTTtNSLJY0wGeMh7WoaYJ9KJ5lGT9GhVgbIC4V+gUJT9fdGgn0pJ76rJ7Ogct7LxP+8bqy8SydhQRQrGpDZIS/mSIUo6wENmKBE8YkmmAimsyIywgITpdsq6RLs+S8vktZp1T6vWrdnldpVXkcR9uEAjsGGC6hBHRrQBAKP8Ayv8GY8GS/Gu/ExGy0Y+c4e/IHx+QPgbJO5</latexit>

G
0
, H

<latexit sha1_base64="/ok5W41dej1M/dX18EhEFvEDreU=">AAAB6HicbVA9SwNBEJ3zM8avqKXNYhCswp0oWlgEbCwTMB+SHGFvM5es2ds7dveEcOQX2FgoYutPsvPfuEmu0MQHA4/3ZpiZFySCa+O6387K6tr6xmZhq7i9s7u3Xzo4bOo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDv1W0+oNI/lvRkn6Ed0IHnIGTVWqj/0SmW34s5AlomXkzLkqPVKX91+zNIIpWGCat3x3MT4GVWGM4GTYjfVmFA2ogPsWCpphNrPZodOyKlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvSm4n9eJzXhtZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDZFG4K3+PIyaZ5XvMuKW78oV2/yOApwDCdwBh5cQRXuoAYNYIDwDK/w5jw6L8678zFvXXHymSP4A+fzB7bBjNs=</latexit>

Y

Node classification

Graph classification

Link prediction



From graphs to rooted subtrees
! Each subgraph can be mapped to a rooted subtree or a subtree 

pattern 

! The maximum depth of the subtree is defined by the number of layers
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h(0)
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h(0)
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h(1)
1

<latexit sha1_base64="qTZPHJ3mVtCPnPGUI+46DD80sBQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CVahXspuVfRY8OKxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6WH4mJa9s0nvvFcsuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0apU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCa/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasW7rLh3F6XaSRZHHo7gGMrgwRXU4Bbq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w+ipI+M</latexit>

h(1)
3

<latexit sha1_base64="rK2YSUh4DxfuqsCRpbsWtmcZ1xo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CVahXspuqeix4MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0sPoMS17F9N+rV8suRV3DrRKvIyUIEOjX/zqDSKSCCoN4VjrrufGxk+xMoxwOi30Ek1jTMZ4SLuWSiyo9tP5wVN0bpUBCiNlSxo0V39PpFhoPRGB7RTYjPSyNxP/87qJCa/9lMk4MVSSxaIw4chEaPY9GjBFieETSzBRzN6KyAgrTIzNqGBD8JZfXiWtasW7rLh3tVL9LIsjDydwCmXw4ArqcAsNaAIBAc/wCm+Ocl6cd+dj0Zpzsplj+APn8wekKI+N</latexit>

h(1)
4

<latexit sha1_base64="ASaXhBDwzR2edcl5chuRWJGW11o=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CVahXspuqeix4MVjBfsh7VqyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9RpVkk780kpr7AQ8lCRrCx0sPoMS1XL6b9ar9YcivuHGiVeBkpQYZGv/jVG0QkEVQawrHWXc+NjZ9iZRjhdFroJZrGmIzxkHYtlVhQ7afzg6fo3CoDFEbKljRorv6eSLHQeiIC2ymwGellbyb+53UTE177KZNxYqgki0VhwpGJ0Ox7NGCKEsMnlmCimL0VkRFWmBibUcGG4C2/vEpa1Yp3WXHvaqX6WRZHHk7gFMrgwRXU4RYa0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w+iqI+M</latexit>

h(2)
2

Rooted subtree of node 2 at layer 1

Rooted subtree of node 2 at layer 2

Embeddings at layer 2

Embeddings at layer 1

Initial embeddings

<latexit sha1_base64="/OitrzrIuED/MtzwRPRxvfNe6HI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgKiRFUVwV3Lis0Be0MUymk3boZBJmJkIJWbjxV9y4UMStH+HOv3GSZqGtB4Y5nHMv997jx4xKZdvfRmVtfWNzq7pd29nd2z8wD496MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0vdnN7nffyBC0oh31DwmbogmnAYUI6Ulz6yPQqSmfpAWP0Ys7WT3qZN5zezaMxu2ZReAq8QpSQOUaHvm12gc4SQkXGGGpBw6dqzcFAlFMSNZbZRIEiM8QxMy1JSjkEg3LY7I4KlWxjCIhH5cwUL93ZGiUMp56OvKfFW57OXif94wUcGVm1IeJ4pwvBgUJAyqCOaJwDEVBCs21wRhQfWuEE+RQFjp3Go6BGf55FXSa1rOhWXfnTdaVhlHFdTBCTgDDrgELXAL2qALMHgEz+AVvBlPxovxbnwsSitG2XMM/sD4/AEHNphD</latexit>

T 1
2 :

<latexit sha1_base64="QnvY+KFOOGqWpn+E7X8TNi5jsAc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgKiRFUVwV3Lis0Be0MUymk3boZBJmJkIJWbjxV9y4UMStH+HOv3GSZqGtB4Y5nHMv997jx4xKZdvfRmVtfWNzq7pd29nd2z8wD496MkoEJl0csUgMfCQJo5x0FVWMDGJBUOgz0vdnN7nffyBC0oh31DwmbogmnAYUI6Ulz6yPQqSmfpAWP0Ys7WT3aTPzmtm1ZzZsyy4AV4lTkgYo0fbMr9E4wklIuMIMSTl07Fi5KRKKYkay2iiRJEZ4hiZkqClHIZFuWhyRwVOtjGEQCf24goX6uyNFoZTz0NeV+apy2cvF/7xhooIrN6U8ThTheDEoSBhUEcwTgWMqCFZsrgnCgupdIZ4igbDSudV0CM7yyauk17ScC8u+O2+0rDKOKqiDE3AGHHAJWuAWtEEXYPAInsEreDOejBfj3fhYlFaMsucY/IHx+QMIv5hE</latexit>

T 2
2 :

Different rooted subtrees should be assigned different node embeddings!



! Recent trends 

- Spectrally-inspired architectures: GraphHeat (Xu’19), GWNN (Xu’19), SIGN 

(Frasca’20), DGN (Beaini’20), Framelets (Zheng’21), FAGCN (Bo’21)

- More expressive GNNs: higher order WL test (Maron’19, Morris’20), physics-

inspired GNNs (Chamberlain’21), and many more!

MoNet

Recap: First GNN architectures
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2005 201720172009

Original 
GNN

Gori et al.

2017

Monti et al. 


20192018 2019

Spectral 
graph CNN

Bruna et al.


2015

ChebNet
Defferrard et al.


Li et al. 

Gated-GNN

2016

TIGraNet
   Khasanova et al.


1stChebNet
Kipf et al.


GraphSAGE

Hamilton at al.


GAT

Velickovic at al.
 CapsGNN


Xinyi at al.
Spectral-based methods

Spatial-based methods

GNN
Scarselli 


et al.

2016

PATCHY-
SAN

Niepert 

et al.


2016 2019

GIN

Xu at al.


2017

SGN

Wu et al.MPNN


Gilmer at al.




Outline
! Expressive power of GNNs


! Inferring the graph topology


! Dynamic graph models 


! Learning with sparse labels 
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Outline
! Expressive power of GNNs


! Inferring the graph topology


! Dynamic graph models 


! Learning with sparse labels 
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Representation power of MPNNs
! Typically done by analysing how expressive a GNN is in learning 

to represent and distinguish between different graph 
structures 


! This implies solving the graph isomorphism problem: 

- Two graphs are isomorphic if there exists an index permutation between the 

nodes that preserve node adjacencies (NP hard)

- Isomorphic graphs should be mapped to the same representation and non-

isomorphic ones to different representations  
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Example of two isomorphic graphs



Recall the WL kernel 
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<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
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<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

Initial colors 

Aggregate 
neighbourhood colors 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)
<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZD EVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)
<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
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<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1
<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

<latexit sha1_base64="Qj0CyUd7EQZjIIf0YB5WmXBx9xk=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgKSSi6LHgxWMFWwtNKJvNpF262YTdjVBC/4YXD4p49c9489+4TXPQ1gcDj/dmdnZemHGmtOt+W7W19Y3Nrfp2Y2d3b/+geXjUU2kuKXZpylPZD4lCzgR2NdMc+5lEkoQcH8PJ7dx/fEKpWCoe9DTDICEjwWJGiTaS75cvFBKjmTdstlzHLWGvEq8iLajQGTa//CileYJCU06UGnhupoOCSM0ox1nDzxVmhE7ICAeGCpKgCopy48w+M0pkx6k0JbRdqr8nCpIoNU1C05kQPVbL3lz8zxvkOr4JCiayXKOgi0Vxzm2d2vMA7IhJpJpPDSFUMvNXm46JJFSbmBomBG/55FXSu3C8K8e9v2y1nSqOOpzAKZyDB9fQhjvoQBcoZPAMr/Bm5daL9W59LFprVjVzDH9gff4AP9WRwQ==</latexit>

1

Initial colors 

Aggregate 
neighbourhood colors 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)
<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZD EVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)
<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)

Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2



Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
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Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
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<latexit sha1_base64="6m9lXoSa2sHFsrn0CinmshYDQHI=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSJUkJJoiy4LblxWsA9oQ5lMJu3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgtAOiXgk+i6WlLOQdhRTnPZjQXHgctpzp7dzv/dIhWRR+KDSmDoBHofMZwQrLY3MyjB/IxPUm6Fa4+Kq0TwfmVWrbuVAq8QuSBUKtEfm19CLSBLQUBGOpRzYVqycDAvFCKez8jCRNMZkisd0oGmIAyqdLF88Q2da8ZAfCV2hQrn6eyLDgZRp4OrOAKuJXPbm4n/eIFH+jZOxME4UDclikZ9wpCI0TwJ5TFCieKoJJoLpvyIywQITpfMq6xDs5ZNXSfeybjfr1n2j2qoXcZTgBE6hBjZcQwvuoA0dIJDCM7zCm/FkvBjvxseidc0oZirwB8bnD7+fk3Q=</latexit>

(4, 345)
<latexit sha1_base64="qbmbyInTZHGeFtR0atqn0MqXDDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqiFV0W3LisYB/QhjKZ3LRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c48acSWVZ30ZpbX1jc6u8XdnZ3ds/MA+PujJKBIUOjXgk+i6RwFkIHcUUh34sgAQuh547vZ37vUcQkkXhg0pjcAIyDpnPKFFaGpnVYf5GJsCb4frlOW42z0ZmzWpYOfAqsQtSQwXaI/Nr6EU0CSBUlBMpB7YVKycjQjHKYVYZJhJiQqdkDANNQxKAdLJ88QyfasXDfiR0hQrn6u+JjARSpoGrOwOiJnLZm4v/eYNE+TdOxsI4URDSxSI/4VhFeJ4E9pgAqniqCaGC6b9iOiGCUKXzqugQ7OWTV0n3omFfNaz7Zq3VKOIoo2N0gurIRteohe5QG3UQRSl6Rq/ozXgyXox342PRWjKKmSr6A+PzB5+Mk18=</latexit>

(3, 44)

<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="8CzEFQ5Dv71vk0hJ1TDclqMN2sA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFSQkpUWXBTcuK1hbaEOZTCbt0MmDmYlQQsFfceNCEbd+hzv/xmmahbYeuHA45965c4+XcCaVbX8bpbX1jc2t8nZlZ3dv/8A8PHqQcSoI7ZCYx6LnYUk5i2hHMcVpLxEUhx6nXW9yM/e7j1RIFkf3appQN8SjiAWMYKWloXkyyN/IBPVnqNa8RPV6o3ExNKu2ZedAq8QpSBUKtIfm18CPSRrSSBGOpew7dqLcDAvFCKezyiCVNMFkgke0r2mEQyrdLF89Q+da8VEQC12RQrn6eyLDoZTT0NOdIVZjuezNxf+8fqqCazdjUZIqGpHFoiDlSMVongXymaBE8akmmAim/4rIGAtMlE6sokNwlk9eJQ91y2la9l2j2rKKOMpwCmdQAweuoAW30IYOEMjgGV7hzXgyXox342PRWjKKmWP4A+PzB5DZk9k=</latexit>

(5, 2244)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)

<latexit sha1_base64="nIBGaLR7XEGJQv3KeWe3MtSXSj4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEm0RZcFNy4r2Ae0oUwmN+3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfZdI4CyEjmKKQz8WQAKXQ8+d3s793iMIyaLwQaUxOAEZh8xnlCgtjczKMH8jE+DNcO3qAjea5yOzatWtHHiV2AWpogLtkfk19CKaBBAqyomUA9uKlZMRoRjlMCsPEwkxoVMyhoGmIQlAOlm+eIbPtOJhPxK6QoVz9fdERgIp08DVnQFRE7nszcX/vEGi/BsnY2GcKAjpYpGfcKwiPE8Ce0wAVTzVhFDB9F8xnRBBqNJ5lXUI9vLJq6R7Wbebdeu+UW3VizhK6ASdohqy0TVqoTvURh1EUYqe0St6M56MF+Pd+Fi0rhnFTAX9gfH5A6ERk2A=</latexit>

(3, 45)
<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="fbohqh+4CpHQ07U/aNpJUCFdHSE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClKS0qLLghuXFewD2lAmk0k7dPJgZiLUUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p0797gxZ1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0XS8pZSNuKKU57saA4cDntupObud99oEKyKLxX05g6AR6FzGcEKy0NzZNB9kYqqDdDlfolqtUbF0OzbFWtDGiV2DkpQ47W0PwaeBFJAhoqwrGUfduKlZNioRjhdFYaJJLGmEzwiPY1DXFApZNmm2foXCse8iOhK1QoU39PpDiQchq4ujPAaiyXvbn4n9dPlH/tpCyME0VDsljkJxypCM2jQB4TlCg+1QQTwfRfERljgYnSgZV0CPbyyaukU6vajap1Vy83q3kcRTiFM6iADVfQhFtoQRsIPMIzvMKb8WS8GO/Gx6K1YOQzx/AHxucPGaSTnQ==</latexit>

(4, 245)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="AAdnLSFnL8sufuis87cRIcwYFys=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSKrosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27KuGdd+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJDKTIA==</latexit>

(2, 4)

<latexit sha1_base64="b5/bd5cCWKElo3sICI04dgeENto=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKS2qLLghuXFewD2lAmk5t26OTBzEQooeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuceNOZPKsr6Nwtr6xuZWcbu0s7u3f2AeHnVklAgKbRrxSPRcIoGzENqKKQ69WAAJXA5dd3I797uPICSLwgc1jcEJyChkPqNEaWlongyyN1IB3gxXGpe4dlWvXwzNslW1MuBVYuekjHK0hubXwItoEkCoKCdS9m0rVk5KhGKUw6w0SCTEhE7ICPqahiQA6aTZ6hk+14qH/UjoChXO1N8TKQmknAau7gyIGstlby7+5/UT5d84KQvjREFIF4v8hGMV4XkW2GMCqOJTTQgVTP8V0zERhCqdWEmHYC+fvEo6tardqFr39XKzmsdRRKfoDFWQja5RE92hFmojilL0jF7Rm/FkvBjvxseitWDkM8foD4zPH5Jgk9o=</latexit>

(5, 2344)



Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
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<latexit sha1_base64="6m9lXoSa2sHFsrn0CinmshYDQHI=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSJUkJJoiy4LblxWsA9oQ5lMJu3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgtAOiXgk+i6WlLOQdhRTnPZjQXHgctpzp7dzv/dIhWRR+KDSmDoBHofMZwQrLY3MyjB/IxPUm6Fa4+Kq0TwfmVWrbuVAq8QuSBUKtEfm19CLSBLQUBGOpRzYVqycDAvFCKez8jCRNMZkisd0oGmIAyqdLF88Q2da8ZAfCV2hQrn6eyLDgZRp4OrOAKuJXPbm4n/eIFH+jZOxME4UDclikZ9wpCI0TwJ5TFCieKoJJoLpvyIywQITpfMq6xDs5ZNXSfeybjfr1n2j2qoXcZTgBE6hBjZcQwvuoA0dIJDCM7zCm/FkvBjvxseidc0oZirwB8bnD7+fk3Q=</latexit>

(4, 345)
<latexit sha1_base64="qbmbyInTZHGeFtR0atqn0MqXDDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqiFV0W3LisYB/QhjKZ3LRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c48acSWVZ30ZpbX1jc6u8XdnZ3ds/MA+PujJKBIUOjXgk+i6RwFkIHcUUh34sgAQuh547vZ37vUcQkkXhg0pjcAIyDpnPKFFaGpnVYf5GJsCb4frlOW42z0ZmzWpYOfAqsQtSQwXaI/Nr6EU0CSBUlBMpB7YVKycjQjHKYVYZJhJiQqdkDANNQxKAdLJ88QyfasXDfiR0hQrn6u+JjARSpoGrOwOiJnLZm4v/eYNE+TdOxsI4URDSxSI/4VhFeJ4E9pgAqniqCaGC6b9iOiGCUKXzqugQ7OWTV0n3omFfNaz7Zq3VKOIoo2N0gurIRteohe5QG3UQRSl6Rq/ozXgyXox342PRWjKKmSr6A+PzB5+Mk18=</latexit>

(3, 44)

<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="8CzEFQ5Dv71vk0hJ1TDclqMN2sA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFSQkpUWXBTcuK1hbaEOZTCbt0MmDmYlQQsFfceNCEbd+hzv/xmmahbYeuHA45965c4+XcCaVbX8bpbX1jc2t8nZlZ3dv/8A8PHqQcSoI7ZCYx6LnYUk5i2hHMcVpLxEUhx6nXW9yM/e7j1RIFkf3appQN8SjiAWMYKWloXkyyN/IBPVnqNa8RPV6o3ExNKu2ZedAq8QpSBUKtIfm18CPSRrSSBGOpew7dqLcDAvFCKezyiCVNMFkgke0r2mEQyrdLF89Q+da8VEQC12RQrn6eyLDoZTT0NOdIVZjuezNxf+8fqqCazdjUZIqGpHFoiDlSMVongXymaBE8akmmAim/4rIGAtMlE6sokNwlk9eJQ91y2la9l2j2rKKOMpwCmdQAweuoAW30IYOEMjgGV7hzXgyXox342PRWjKKmWP4A+PzB5DZk9k=</latexit>

(5, 2244)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)

<latexit sha1_base64="nIBGaLR7XEGJQv3KeWe3MtSXSj4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEm0RZcFNy4r2Ae0oUwmN+3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfZdI4CyEjmKKQz8WQAKXQ8+d3s793iMIyaLwQaUxOAEZh8xnlCgtjczKMH8jE+DNcO3qAjea5yOzatWtHHiV2AWpogLtkfk19CKaBBAqyomUA9uKlZMRoRjlMCsPEwkxoVMyhoGmIQlAOlm+eIbPtOJhPxK6QoVz9fdERgIp08DVnQFRE7nszcX/vEGi/BsnY2GcKAjpYpGfcKwiPE8Ce0wAVTzVhFDB9F8xnRBBqNJ5lXUI9vLJq6R7Wbebdeu+UW3VizhK6ASdohqy0TVqoTvURh1EUYqe0St6M56MF+Pd+Fi0rhnFTAX9gfH5A6ERk2A=</latexit>

(3, 45)
<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="fbohqh+4CpHQ07U/aNpJUCFdHSE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClKS0qLLghuXFewD2lAmk0k7dPJgZiLUUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p0797gxZ1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0XS8pZSNuKKU57saA4cDntupObud99oEKyKLxX05g6AR6FzGcEKy0NzZNB9kYqqDdDlfolqtUbF0OzbFWtDGiV2DkpQ47W0PwaeBFJAhoqwrGUfduKlZNioRjhdFYaJJLGmEzwiPY1DXFApZNmm2foXCse8iOhK1QoU39PpDiQchq4ujPAaiyXvbn4n9dPlH/tpCyME0VDsljkJxypCM2jQB4TlCg+1QQTwfRfERljgYnSgZV0CPbyyaukU6vajap1Vy83q3kcRTiFM6iADVfQhFtoQRsIPMIzvMKb8WS8GO/Gx6K1YOQzx/AHxucPGaSTnQ==</latexit>

(4, 245)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="AAdnLSFnL8sufuis87cRIcwYFys=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSKrosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27KuGdd+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJDKTIA==</latexit>

(2, 4)

<latexit sha1_base64="b5/bd5cCWKElo3sICI04dgeENto=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKS2qLLghuXFewD2lAmk5t26OTBzEQooeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuceNOZPKsr6Nwtr6xuZWcbu0s7u3f2AeHnVklAgKbRrxSPRcIoGzENqKKQ69WAAJXA5dd3I797uPICSLwgc1jcEJyChkPqNEaWlongyyN1IB3gxXGpe4dlWvXwzNslW1MuBVYuekjHK0hubXwItoEkCoKCdS9m0rVk5KhGKUw6w0SCTEhE7ICPqahiQA6aTZ6hk+14qH/UjoChXO1N8TKQmknAau7gyIGstlby7+5/UT5d84KQvjREFIF4v8hGMV4XkW2GMCqOJTTQgVTP8V0zERhCqdWEmHYC+fvEo6tardqFr39XKzmsdRRKfoDFWQja5RE92hFmojilL0jF7Rm/FkvBjvxseitWDkM8foD4zPH5Jgk9o=</latexit>

(5, 2344)



Hash table 

<latexit sha1_base64="A5FwtRc5EsKDF8xM7N/DUSEeqYk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmQgh1F9x40IRt36IO//GaZqFth64cDjn3rlzj59wprTrfluVtfWNza3qdm1nd2//wD486qo4lYR2SMxj2fexopwJ2tFMc9pPJMWRz2nPn97O/d4jlYrF4kFnCfUiPBYsZARrI43s+rB4I5c0mDXROUQInY3shuu4BeAqQSVpgBLtkf01DGKSRlRowrFSA+Qm2sux1IxwOqsNU0UTTKZ4TAeGChxR5eXF4hk8NUoAw1iaEhoW6u+JHEdKZZFvOiOsJ2rZm4v/eYNUhzdezkSSairIYlGYcqhjOE8CBkxSonlmCCaSmb9CMsESE23yqpkQ0PLJq6R74aArx72/bLScMo4qOAYnoAkQuAYtcAfaoAMIyMAzeAVv1pP1Yr1bH4vWilXO1MEfWJ8/rXWTaA==</latexit>

(1, 111)

<latexit sha1_base64="NIuzly9/xnO5IQsBkDiu7PVnb/o=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUJGFF0W3LisYB/QhjKZTNqhk0mYmYgl5FfcuFDErT/izr9xmmahrQcuHM65d+7c4yecKe2631ZlbX1jc6u6XdvZ3ds/sA/rXRWnktAOiXks+z5WlDNBO5ppTvuJpDjyOe3509u533ukUrFYPOhZQr0IjwULGcHaSCO7PizeyCQN8iY6hwidjeyG67gF4CpBJWmAEu2R/TUMYpJGVGjCsVID5Cbay7DUjHCa14apogkmUzymA0MFjqjysmJvDk+NEsAwlqaEhoX6eyLDkVKzyDedEdYTtezNxf+8QarDGy9jIkk1FWSxKEw51DGcBwEDJinRfGYIJpKZv0IywRITbeKqmRDQ8smrpHvhoCvHvb9stJwyjio4BiegCRC4Bi1wB9qgAwh4As/gFbxZufVivVsfi9aKVc4cgT+wPn8AOCaTLQ==</latexit>

(1, 11)

<latexit sha1_base64="/d/5RlkKQypH6WJ4QcmbmPwFnSU=">AAAB/XicbVDLSsNAFL3xWesrPnZuBotQQUIiii4LblxWsA9oQ5lMJu3QySTMTIQair/ixoUibv0Pd/6N0zYLbT1w4XDOvXPnniDlTGnX/baWlldW19ZLG+XNre2dXXtvv6mSTBLaIAlPZDvAinImaEMzzWk7lRTHAaetYHgz8VsPVCqWiHs9Sqkf475gESNYG6lnH3anb+SShuOqd4Y8g9OeXXEddwq0SLyCVKBAvWd/dcOEZDEVmnCsVMdzU+3nWGpGOB2Xu5miKSZD3KcdQwWOqfLz6eYxOjFKiKJEmhIaTdXfEzmOlRrFgemMsR6oeW8i/ud1Mh1d+zkTaaapILNFUcaRTtAkChQySYnmI0Mwkcz8FZEBlphoE1jZhODNn7xImueOd+m4dxeVmlPEUYIjOIYqeHAFNbiFOjSAwCM8wyu8WU/Wi/Vufcxal6xi5gD+wPr8ASMGk6M=</latexit>

(1, 1111)

<latexit sha1_base64="38gzJInqEDeoVOit4UDgrfM6x58=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSJUkJKIosuCG5cV7APaUCaTSTt0MgkzE6XEfoobF4q49Uvc+TdO0yy09cCFwzn3zp17/IQzpR3n21pZXVvf2Cxtlbd3dvf27cpBW8WpJLRFYh7Lro8V5UzQlmaa024iKY58Tjv++Gbmdx6oVCwW93qSUC/CQ8FCRrA20sCu9PM3MkmDac09Q+7pwK46dScHWiZuQapQoDmwv/pBTNKICk04VqrnOon2Miw1I5xOy/1U0QSTMR7SnqECR1R5Wb52ik6MEqAwlqaERrn6eyLDkVKTyDedEdYjtejNxP+8XqrDay9jIkk1FWS+KEw50jGa5YACJinRfGIIJpKZvyIywhITbdIqmxDcxZOXSfu87l7WnbuLaqNexFGCIziGGrhwBQ24hSa0gMAjPMMrvFlP1ov1bn3MW1esYuYQ/sD6/AHC+5Ly</latexit>

(1, 1)
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4
<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="hrDreI6AJOkg6J3S1GAdDEwzNms=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRS0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0r5vOQ6vRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHRGGRxA==</latexit>

4

<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3
<latexit sha1_base64="orWDgVNRms7QQJ+3SDgk84Fk20k=">AAAB83icbVDLSsNAFL2pr1pfVZdugkVwVRIf6LLgxmUF+4AmlMnkph06mYSZiVBCf8ONC0Xc+jPu/BunaRbaeuDC4Zx75849QcqZ0o7zbVXW1jc2t6rbtZ3dvf2D+uFRVyWZpNihCU9kPyAKORPY0Uxz7KcSSRxw7AWTu7nfe0KpWCIe9TRFPyYjwSJGiTaS5xUv5BLD2eWw3nCaTgF7lbglaUCJ9rD+5YUJzWIUmnKi1MB1Uu3nRGpGOc5qXqYwJXRCRjgwVJAYlZ8XG2f2mVFCO0qkKaHtQv09kZNYqWkcmM6Y6LFa9ubif94g09GtnzORZhoFXSyKMm7rxJ4HYIdMItV8agihkpm/2nRMJKHaxFQzIbjLJ6+S7kXTvW46D1eNVrOMowoncArn4MINtOAe2tABCik8wyu8WZn1Yr1bH4vWilXOHMMfWJ8/Qt2Rww==</latexit>

3

<latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5 <latexit sha1_base64="uCaAvLqK8CLH+ROVrcKtaxjD0eE=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeukd9V0W03n4brRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHReWRxQ==</latexit>

5

<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
<latexit sha1_base64="NlRlkUTiezj5dVmbkjlquxKImaU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BIvgqSRF0WPBi8cK9gOaUDabSbt0swm7G6GE/g0vHhTx6p/x5r9xm+agrQ8GHu/N7Oy8IOVMacf5tiobm1vbO9Xd2t7+weFR/fikp5JMUuzShCdyEBCFnAnsaqY5DlKJJA449oPp3cLvP6FULBGPepaiH5OxYBGjRBvJ84oXconhvDWqN5ymU8BeJ25JGlCiM6p/eWFCsxiFppwoNXSdVPs5kZpRjvOalylMCZ2SMQ4NFSRG5efFxrl9YZTQjhJpSmi7UH9P5CRWahYHpjMmeqJWvYX4nzfMdHTr50ykmUZBl4uijNs6sRcB2CGTSDWfGUKoZOavNp0QSag2MdVMCO7qyeuk12q6103n4arRbpZxVOEMzuESXLiBNtxDB7pAIYVneIU3K7NerHfrY9lascqZU/gD6/MHQVmRwg==</latexit>

2
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<latexit sha1_base64="6m9lXoSa2sHFsrn0CinmshYDQHI=">AAAB/HicbVDLSsNAFL3xWesr2qWbwSJUkJJoiy4LblxWsA9oQ5lMJu3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgtAOiXgk+i6WlLOQdhRTnPZjQXHgctpzp7dzv/dIhWRR+KDSmDoBHofMZwQrLY3MyjB/IxPUm6Fa4+Kq0TwfmVWrbuVAq8QuSBUKtEfm19CLSBLQUBGOpRzYVqycDAvFCKez8jCRNMZkisd0oGmIAyqdLF88Q2da8ZAfCV2hQrn6eyLDgZRp4OrOAKuJXPbm4n/eIFH+jZOxME4UDclikZ9wpCI0TwJ5TFCieKoJJoLpvyIywQITpfMq6xDs5ZNXSfeybjfr1n2j2qoXcZTgBE6hBjZcQwvuoA0dIJDCM7zCm/FkvBjvxseidc0oZirwB8bnD7+fk3Q=</latexit>

(4, 345)
<latexit sha1_base64="qbmbyInTZHGeFtR0atqn0MqXDDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqiFV0W3LisYB/QhjKZ3LRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c48acSWVZ30ZpbX1jc6u8XdnZ3ds/MA+PujJKBIUOjXgk+i6RwFkIHcUUh34sgAQuh547vZ37vUcQkkXhg0pjcAIyDpnPKFFaGpnVYf5GJsCb4frlOW42z0ZmzWpYOfAqsQtSQwXaI/Nr6EU0CSBUlBMpB7YVKycjQjHKYVYZJhJiQqdkDANNQxKAdLJ88QyfasXDfiR0hQrn6u+JjARSpoGrOwOiJnLZm4v/eYNE+TdOxsI4URDSxSI/4VhFeJ4E9pgAqniqCaGC6b9iOiGCUKXzqugQ7OWTV0n3omFfNaz7Zq3VKOIoo2N0gurIRteohe5QG3UQRSl6Rq/ozXgyXox342PRWjKKmSr6A+PzB5+Mk18=</latexit>

(3, 44)

<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="8CzEFQ5Dv71vk0hJ1TDclqMN2sA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFSQkpUWXBTcuK1hbaEOZTCbt0MmDmYlQQsFfceNCEbd+hzv/xmmahbYeuHA45965c4+XcCaVbX8bpbX1jc2t8nZlZ3dv/8A8PHqQcSoI7ZCYx6LnYUk5i2hHMcVpLxEUhx6nXW9yM/e7j1RIFkf3appQN8SjiAWMYKWloXkyyN/IBPVnqNa8RPV6o3ExNKu2ZedAq8QpSBUKtIfm18CPSRrSSBGOpew7dqLcDAvFCKezyiCVNMFkgke0r2mEQyrdLF89Q+da8VEQC12RQrn6eyLDoZTT0NOdIVZjuezNxf+8fqqCazdjUZIqGpHFoiDlSMVongXymaBE8akmmAim/4rIGAtMlE6sokNwlk9eJQ91y2la9l2j2rKKOMpwCmdQAweuoAW30IYOEMjgGV7hzXgyXox342PRWjKKmWP4A+PzB5DZk9k=</latexit>

(5, 2244)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)

<latexit sha1_base64="nIBGaLR7XEGJQv3KeWe3MtSXSj4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEm0RZcFNy4r2Ae0oUwmN+3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfZdI4CyEjmKKQz8WQAKXQ8+d3s793iMIyaLwQaUxOAEZh8xnlCgtjczKMH8jE+DNcO3qAjea5yOzatWtHHiV2AWpogLtkfk19CKaBBAqyomUA9uKlZMRoRjlMCsPEwkxoVMyhoGmIQlAOlm+eIbPtOJhPxK6QoVz9fdERgIp08DVnQFRE7nszcX/vEGi/BsnY2GcKAjpYpGfcKwiPE8Ce0wAVTzVhFDB9F8xnRBBqNJ5lXUI9vLJq6R7Wbebdeu+UW3VizhK6ASdohqy0TVqoTvURh1EUYqe0St6M56MF+Pd+Fi0rhnFTAX9gfH5A6ERk2A=</latexit>

(3, 45)
<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)

<latexit sha1_base64="fbohqh+4CpHQ07U/aNpJUCFdHSE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClKS0qLLghuXFewD2lAmk0k7dPJgZiLUUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p0797gxZ1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0XS8pZSNuKKU57saA4cDntupObud99oEKyKLxX05g6AR6FzGcEKy0NzZNB9kYqqDdDlfolqtUbF0OzbFWtDGiV2DkpQ47W0PwaeBFJAhoqwrGUfduKlZNioRjhdFYaJJLGmEzwiPY1DXFApZNmm2foXCse8iOhK1QoU39PpDiQchq4ujPAaiyXvbn4n9dPlH/tpCyME0VDsljkJxypCM2jQB4TlCg+1QQTwfRfERljgYnSgZV0CPbyyaukU6vajap1Vy83q3kcRTiFM6iADVfQhFtoQRsIPMIzvMKb8WS8GO/Gx6K1YOQzx/AHxucPGaSTnQ==</latexit>

(4, 245)

<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="AAdnLSFnL8sufuis87cRIcwYFys=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSKrosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27KuGdd+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJDKTIA==</latexit>

(2, 4)

<latexit sha1_base64="b5/bd5cCWKElo3sICI04dgeENto=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKS2qLLghuXFewD2lAmk5t26OTBzEQooeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuceNOZPKsr6Nwtr6xuZWcbu0s7u3f2AeHnVklAgKbRrxSPRcIoGzENqKKQ69WAAJXA5dd3I797uPICSLwgc1jcEJyChkPqNEaWlongyyN1IB3gxXGpe4dlWvXwzNslW1MuBVYuekjHK0hubXwItoEkCoKCdS9m0rVk5KhGKUw6w0SCTEhE7ICPqahiQA6aTZ6hk+14qH/UjoChXO1N8TKQmknAau7gyIGstlby7+5/UT5d84KQvjREFIF4v8hGMV4XkW2GMCqOJTTQgVTP8V0zERhCqdWEmHYC+fvEo6tardqFr39XKzmsdRRKfoDFWQja5RE92hFmojilL0jF7Rm/FkvBjvxseitWDkM8foD4zPH5Jgk9o=</latexit>

(5, 2344)

<latexit sha1_base64="AAdnLSFnL8sufuis87cRIcwYFys=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSKrosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27KuGdd+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJDKTIA==</latexit>

(2, 4)
Hash table 

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="enrkTrDgDI4IJSQ3D4zD1F6HOIs=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+K6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHw5rkiY=</latexit>

11

<latexit sha1_base64="enrkTrDgDI4IJSQ3D4zD1F6HOIs=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+K6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHw5rkiY=</latexit>

11

<latexit sha1_base64="enrkTrDgDI4IJSQ3D4zD1F6HOIs=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+K6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHw5rkiY=</latexit>

11<latexit sha1_base64="pvHTgcmbeMOJFILAchlbVJ/bxag=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYo4BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+qg4WY8SlKNEVsuClJBdEwWCRCfS2RazAyhTHLzV8LGVFKmTU4VE4KzevI66VzVnZu6/XBda9aLOMpwBudwCQ7cQhPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6S5kfI=</latexit>

8
<latexit sha1_base64="NH8akNPpbNsZQGE6bn5uhzZYupM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVRb0FvHiMYB6QLGF2tjcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVPT1dfiq40o7zbZXW1jc2t8rblZ3dvf2D6uFRSyWZZNhkiUhkx6cKBY+xqbkW2Ekl0sgX2PZHdzO/PUapeBI/6kmKXkQHMQ85o9pIXm/+Qi4xmJLbfrXm2M4cZJW4BalBgUa/+tULEpZFGGsmqFJd10m1l1OpORM4rfQyhSllIzrArqExjVB5+XzllJwZJSBhIk3FmszV3xM5jZSaRL7pjKgeqmVvJv7ndTMd3ng5j9NMY8wWi8JMEJ2QWQIk4BKZFhNDKJPc/JWwIZWUaZNTxYTgLp+8SloXtntlOw+XtbpdxFGGEziFc3DhGupwDw1oAoMneIZXeLPG1ov1bn0sWktWMXMMf2B9/gCmPZHz</latexit>

9

<latexit sha1_base64="ugWbhO/sAeQSkB5YrvotoWz8fMY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgadkNih4DXjxGMA9I1jA725sMmX0wM6uEJf/hxYMiXv0Xb/6Nk2QPmljQUFR1T0+XnwqutON8W6W19Y3NrfJ2ZWd3b/+genjUVkkmGbZYIhLZ9alCwWNsaa4FdlOJNPIFdvzxzczvPKJUPInv9SRFL6LDmIecUW2kh/78hVxiMCVufVCtObYzB1klbkFqUKA5qH71g4RlEcaaCapUz3VS7eVUas4ETiv9TGFK2ZgOsWdoTCNUXj7fOSVnRglImEhTsSZz9fdETiOlJpFvOiOqR2rZm4n/eb1Mh9dezuM00xizxaIwE0QnZBYBCbhEpsXEEMokN38lbEQlZdoEVTEhuMsnr5J23XYvbefuotawizjKcAKncA4uXEEDbqEJLWAg4Rle4c16sl6sd+tj0Vqyiplj+APr8wcP75In</latexit>

12

<latexit sha1_base64="VXSmkmpe5SPJQWALDtwDeXePW3g=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEo8BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+rg1s14lKQaI7ZcFKSC6JgsEiA+l8i0mBlCmeTmr4SNqaRMm5wqJgRn9eR10rmqOzd1++G61qwXcZThDM7hEhxoQBPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6M1kfE=</latexit>

7
<latexit sha1_base64="VXSmkmpe5SPJQWALDtwDeXePW3g=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEo8BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+rg1s14lKQaI7ZcFKSC6JgsEiA+l8i0mBlCmeTmr4SNqaRMm5wqJgRn9eR10rmqOzd1++G61qwXcZThDM7hEhxoQBPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6M1kfE=</latexit>

7
<latexit sha1_base64="VXSmkmpe5SPJQWALDtwDeXePW3g=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEo8BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+rg1s14lKQaI7ZcFKSC6JgsEiA+l8i0mBlCmeTmr4SNqaRMm5wqJgRn9eR10rmqOzd1++G61qwXcZThDM7hEhxoQBPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6M1kfE=</latexit>

7
<latexit sha1_base64="bLcQp1vMKL4NExqAL4DnQB8d924=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4GmbE7Rjw4jGCWSAZQk9PTdKkZ7G7JxCGfIcXD4p49WO8+Td2kjlo4oOCx3tVXV3PTwVX2nG+rdLa+sbmVnm7srO7t39QPTxqqSSTDJssEYns+FSh4DE2NdcCO6lEGvkC2/7obua3xygVT+JHPUnRi+gg5iFnVBvJ681fyCUGU3Ldr9Yc25mDrBK3IDUo0OhXv3pBwrIIY80EVarrOqn2cio1ZwKnlV6mMKVsRAfYNTSmESovn6+ckjOjBCRMpKlYk7n6eyKnkVKTyDedEdVDtezNxP+8bqbDWy/ncZppjNliUZgJohMyS4AEXCLTYmIIZZKbvxI2pJIybXKqmBDc5ZNXSevCdq9s5+GyVreLOMpwAqdwDi7cQB3uoQFNYPAEz/AKb9bYerHerY9Fa8kqZo7hD6zPH6GxkfA=</latexit>

6

<latexit sha1_base64="r5oV/dD/mWgsJEntXDaQ/FG5+Zc=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4GmZc0GPAi8cIZoFkDD09laRJz0J3jxKG/IcXD4p49V+8+Td2JnPQxAcFj/equrqenwiutON8W6WV1bX1jfJmZWt7Z3evun/QUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3xzcxvP6JUPI7u9SRBL6TDiA84o9pID738hUxiMCXueb9ac2wnB1kmbkFqUKDRr371gpilIUaaCapU13US7WVUas4ETiu9VGFC2ZgOsWtoRENUXpbvnJITowRkEEtTkSa5+nsio6FSk9A3nSHVI7XozcT/vG6qB9dexqMk1Rix+aJBKoiOySwCEnCJTIuJIZRJbv5K2IhKyrQJqmJCcBdPXiatM9u9tJ27i1rdLuIowxEcwym4cAV1uIUGNIGBhGd4hTfryXqx3q2PeWvJKmYO4Q+szx8Rc5Io</latexit>

13
<latexit sha1_base64="QRAiNLU7Oxvn4NbVomUScsVuUis=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+I6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHwznkiU=</latexit>

10

<latexit sha1_base64="bLcQp1vMKL4NExqAL4DnQB8d924=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4GmbE7Rjw4jGCWSAZQk9PTdKkZ7G7JxCGfIcXD4p49WO8+Td2kjlo4oOCx3tVXV3PTwVX2nG+rdLa+sbmVnm7srO7t39QPTxqqSSTDJssEYns+FSh4DE2NdcCO6lEGvkC2/7obua3xygVT+JHPUnRi+gg5iFnVBvJ681fyCUGU3Ldr9Yc25mDrBK3IDUo0OhXv3pBwrIIY80EVarrOqn2cio1ZwKnlV6mMKVsRAfYNTSmESovn6+ckjOjBCRMpKlYk7n6eyKnkVKTyDedEdVDtezNxP+8bqbDWy/ncZppjNliUZgJohMyS4AEXCLTYmIIZZKbvxI2pJIybXKqmBDc5ZNXSevCdq9s5+GyVreLOMpwAqdwDi7cQB3uoQFNYPAEz/AKb9bYerHerY9Fa8kqZo7hD6zPH6GxkfA=</latexit>

6
<latexit sha1_base64="cJdiG5pD61SccoQ5sdbN9OriBJM=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQQUpSLLosuHFZwT6gDWUyuWmHTh7MTMQS8ituXCji1h9x5984TbPQ1gMXDufcO3fucWPOpLKsb6O0sbm1vVPereztHxwemcfVnowSQaFLIx6JgUskcBZCVzHFYRALIIHLoe/Obhd+/xGEZFH4oOYxOAGZhMxnlCgtjc3qKH8jFeBluN68xK2LsVmzGlYOvE7sgtRQgc7Y/Bp5EU0CCBXlRMqhbcXKSYlQjHLIKqNEQkzojExgqGlIApBOmu/N8LlWPOxHQleocK7+nkhJIOU8cHVnQNRUrnoL8T9vmCj/xklZGCcKQrpc5CccqwgvgsAeE0AVn2tCqGD6r5hOiSBU6bgqOgR79eR10ms27FbDur+qtRtFHGV0is5QHdnoGrXRHeqgLqLoCT2jV/RmZMaL8W58LFtLRjFzgv7A+PwBJbeTIQ==</latexit>

(2, 5)
<latexit sha1_base64="VXSmkmpe5SPJQWALDtwDeXePW3g=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEo8BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+rg1s14lKQaI7ZcFKSC6JgsEiA+l8i0mBlCmeTmr4SNqaRMm5wqJgRn9eR10rmqOzd1++G61qwXcZThDM7hEhxoQBPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6M1kfE=</latexit>

7
<latexit sha1_base64="qbmbyInTZHGeFtR0atqn0MqXDDg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqiFV0W3LisYB/QhjKZ3LRDJw9mJkII9VfcuFDErR/izr9xmmahrQcuHM65d+7c48acSWVZ30ZpbX1jc6u8XdnZ3ds/MA+PujJKBIUOjXgk+i6RwFkIHcUUh34sgAQuh547vZ37vUcQkkXhg0pjcAIyDpnPKFFaGpnVYf5GJsCb4frlOW42z0ZmzWpYOfAqsQtSQwXaI/Nr6EU0CSBUlBMpB7YVKycjQjHKYVYZJhJiQqdkDANNQxKAdLJ88QyfasXDfiR0hQrn6u+JjARSpoGrOwOiJnLZm4v/eYNE+TdOxsI4URDSxSI/4VhFeJ4E9pgAqniqCaGC6b9iOiGCUKXzqugQ7OWTV0n3omFfNaz7Zq3VKOIoo2N0gurIRteohe5QG3UQRSl6Rq/ozXgyXox342PRWjKKmSr6A+PzB5+Mk18=</latexit>

(3, 44)
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!

<latexit sha1_base64="pvHTgcmbeMOJFILAchlbVJ/bxag=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKYo4BLx4jmAckS5id7U2GzD6cmQ2EJd/hxYMiXv0Yb/6Nk80eNLGgoajqnp4uLxFcadv+tkobm1vbO+Xdyt7+weFR9fiko+JUMmyzWMSy51GFgkfY1lwL7CUSaegJ7HqTu4XfnaJUPI4e9SxBN6SjiAecUW0kd5C/kEn056QxrNbsup2DrBOnIDUo0BpWvwZ+zNIQI80EVarv2Il2Myo1ZwLnlUGqMKFsQkfYNzSiISo3y1fOyYVRfBLE0lSkSa7+nshoqNQs9ExnSPVYrXoL8T+vn+qg4WY8SlKNEVsuClJBdEwWCRCfS2RazAyhTHLzV8LGVFKmTU4VE4KzevI66VzVnZu6/XBda9aLOMpwBudwCQ7cQhPuoQVtYPAEz/AKb9bUerHerY9la8kqZk7hD6zPH6S5kfI=</latexit>

8
<latexit sha1_base64="nIBGaLR7XEGJQv3KeWe3MtSXSj4=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBEqSEm0RZcFNy4r2Ae0oUwmN+3QyYOZiRBC/RU3LhRx64e482+cpllo64ELh3PunTv3uDFnUlnWt7G2vrG5tV3aKe/u7R8cmkfHXRklgkKHRjwSfZdI4CyEjmKKQz8WQAKXQ8+d3s793iMIyaLwQaUxOAEZh8xnlCgtjczKMH8jE+DNcO3qAjea5yOzatWtHHiV2AWpogLtkfk19CKaBBAqyomUA9uKlZMRoRjlMCsPEwkxoVMyhoGmIQlAOlm+eIbPtOJhPxK6QoVz9fdERgIp08DVnQFRE7nszcX/vEGi/BsnY2GcKAjpYpGfcKwiPE8Ce0wAVTzVhFDB9F8xnRBBqNJ5lXUI9vLJq6R7Wbebdeu+UW3VizhK6ASdohqy0TVqoTvURh1EUYqe0St6M56MF+Pd+Fi0rhnFTAX9gfH5A6ERk2A=</latexit>

(3, 45)
<latexit sha1_base64="NH8akNPpbNsZQGE6bn5uhzZYupM=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgadkVRb0FvHiMYB6QLGF2tjcZMvtwZjYQlnyHFw+KePVjvPk3TpI9aGJBQ1HVPT1dfiq40o7zbZXW1jc2t8rblZ3dvf2D6uFRSyWZZNhkiUhkx6cKBY+xqbkW2Ekl0sgX2PZHdzO/PUapeBI/6kmKXkQHMQ85o9pIXm/+Qi4xmJLbfrXm2M4cZJW4BalBgUa/+tULEpZFGGsmqFJd10m1l1OpORM4rfQyhSllIzrArqExjVB5+XzllJwZJSBhIk3FmszV3xM5jZSaRL7pjKgeqmVvJv7ndTMd3ng5j9NMY8wWi8JMEJ2QWQIk4BKZFhNDKJPc/JWwIZWUaZNTxYTgLp+8SloXtntlOw+XtbpdxFGGEziFc3DhGupwDw1oAoMneIZXeLPG1ov1bn0sWktWMXMMf2B9/gCmPZHz</latexit>

9
<latexit sha1_base64="fbohqh+4CpHQ07U/aNpJUCFdHSE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClKS0qLLghuXFewD2lAmk0k7dPJgZiLUUPwVNy4Ucet/uPNvnKZZaOuBC4dz7p0797gxZ1JZ1rdRWFvf2Nwqbpd2dvf2D8zDo46MEkFom0Q8Ej0XS8pZSNuKKU57saA4cDntupObud99oEKyKLxX05g6AR6FzGcEKy0NzZNB9kYqqDdDlfolqtUbF0OzbFWtDGiV2DkpQ47W0PwaeBFJAhoqwrGUfduKlZNioRjhdFYaJJLGmEzwiPY1DXFApZNmm2foXCse8iOhK1QoU39PpDiQchq4ujPAaiyXvbn4n9dPlH/tpCyME0VDsljkJxypCM2jQB4TlCg+1QQTwfRfERljgYnSgZV0CPbyyaukU6vajap1Vy83q3kcRTiFM6iADVfQhFtoQRsIPMIzvMKb8WS8GO/Gx6K1YOQzx/AHxucPGaSTnQ==</latexit>

(4, 245)
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>! <latexit sha1_base64="QRAiNLU7Oxvn4NbVomUScsVuUis=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+I6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHwznkiU=</latexit>

10
<latexit sha1_base64="BHKYgu+GPo8sv9VTaHk91Ao7cRA=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEClISbdFlwY3LCvYBbSiTyaQdOnkwMxFqKP6KGxeKuPU/3Pk3TtMstPXAhcM5986de9yYM6ks69sorKyurW8UN0tb2zu7e+b+QVtGiSC0RSIeia6LJeUspC3FFKfdWFAcuJx23PHNzO88UCFZFN6rSUydAA9D5jOClZYG5lE/eyMV1JuiSu0cXdbqZwOzbFWtDGiZ2DkpQ47mwPzqexFJAhoqwrGUPduKlZNioRjhdFrqJ5LGmIzxkPY0DXFApZNmm6foVCse8iOhK1QoU39PpDiQchK4ujPAaiQXvZn4n9dLlH/tpCyME0VDMl/kJxypCM2iQB4TlCg+0QQTwfRfERlhgYnSgZV0CPbiycukfVG161XrrlZuVPM4inAMJ1ABG66gAbfQhBYQeIRneIU348l4Md6Nj3lrwchnDuEPjM8fGyuTng==</latexit>

(4, 345)
<latexit sha1_base64="enrkTrDgDI4IJSQ3D4zD1F6HOIs=">AAAB9XicbVDLSsNAFL3xWeur6tLNYBFchUQUXRbcuKxgH9DGMpnctEMnD2YmSgn9DzcuFHHrv7jzb5ymWWjrgQuHc+6dO/f4qeBKO863tbK6tr6xWdmqbu/s7u3XDg7bKskkwxZLRCK7PlUoeIwtzbXAbiqRRr7Ajj++mfmdR5SKJ/G9nqToRXQY85Azqo300C9eyCUGU+K6g1rdsZ0CZJm4JalDieag9tUPEpZFGGsmqFI910m1l1OpORM4rfYzhSllYzrEnqExjVB5ebFzSk6NEpAwkaZiTQr190ROI6UmkW86I6pHatGbif95vUyH117O4zTTGLP5ojATRCdkFgEJuESmxcQQyiQ3fyVsRCVl2gRVNSG4iycvk/a57V7azt1FvWGXcVTgGE7gDFy4ggbcQhNawEDCM7zCm/VkvVjv1se8dcUqZ47gD6zPHw5rkiY=</latexit>

11
<latexit sha1_base64="8CzEFQ5Dv71vk0hJ1TDclqMN2sA=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIFSQkpUWXBTcuK1hbaEOZTCbt0MmDmYlQQsFfceNCEbd+hzv/xmmahbYeuHA45965c4+XcCaVbX8bpbX1jc2t8nZlZ3dv/8A8PHqQcSoI7ZCYx6LnYUk5i2hHMcVpLxEUhx6nXW9yM/e7j1RIFkf3appQN8SjiAWMYKWloXkyyN/IBPVnqNa8RPV6o3ExNKu2ZedAq8QpSBUKtIfm18CPSRrSSBGOpew7dqLcDAvFCKezyiCVNMFkgke0r2mEQyrdLF89Q+da8VEQC12RQrn6eyLDoZTT0NOdIVZjuezNxf+8fqqCazdjUZIqGpHFoiDlSMVongXymaBE8akmmAim/4rIGAtMlE6sokNwlk9eJQ91y2la9l2j2rKKOMpwCmdQAweuoAW30IYOEMjgGV7hzXgyXox342PRWjKKmWP4A+PzB5DZk9k=</latexit>

(5, 2244)
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>! <latexit sha1_base64="ugWbhO/sAeQSkB5YrvotoWz8fMY=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgadkNih4DXjxGMA9I1jA725sMmX0wM6uEJf/hxYMiXv0Xb/6Nk2QPmljQUFR1T0+XnwqutON8W6W19Y3NrfJ2ZWd3b/+genjUVkkmGbZYIhLZ9alCwWNsaa4FdlOJNPIFdvzxzczvPKJUPInv9SRFL6LDmIecUW2kh/78hVxiMCVufVCtObYzB1klbkFqUKA5qH71g4RlEcaaCapUz3VS7eVUas4ETiv9TGFK2ZgOsWdoTCNUXj7fOSVnRglImEhTsSZz9fdETiOlJpFvOiOqR2rZm4n/eb1Mh9dezuM00xizxaIwE0QnZBYBCbhEpsXEEMokN38lbEQlZdoEVTEhuMsnr5J23XYvbefuotawizjKcAKncA4uXEEDbqEJLWAg4Rle4c16sl6sd+tj0Vqyiplj+APr8wcP75In</latexit>

12
<latexit sha1_base64="b5/bd5cCWKElo3sICI04dgeENto=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEClKS2qLLghuXFewD2lAmk5t26OTBzEQooeCvuHGhiFu/w51/4zTNQlsPXDicc+/cuceNOZPKsr6Nwtr6xuZWcbu0s7u3f2AeHnVklAgKbRrxSPRcIoGzENqKKQ69WAAJXA5dd3I797uPICSLwgc1jcEJyChkPqNEaWlongyyN1IB3gxXGpe4dlWvXwzNslW1MuBVYuekjHK0hubXwItoEkCoKCdS9m0rVk5KhGKUw6w0SCTEhE7ICPqahiQA6aTZ6hk+14qH/UjoChXO1N8TKQmknAau7gyIGstlby7+5/UT5d84KQvjREFIF4v8hGMV4XkW2GMCqOJTTQgVTP8V0zERhCqdWEmHYC+fvEo6tardqFr39XKzmsdRRKfoDFWQja5RE92hFmojilL0jF7Rm/FkvBjvxseitWDkM8foD4zPH5Jgk9o=</latexit>

(5, 2344)
<latexit sha1_base64="r5oV/dD/mWgsJEntXDaQ/FG5+Zc=">AAAB9XicbVDJSgNBEK2JW4xb1KOXxiB4GmZc0GPAi8cIZoFkDD09laRJz0J3jxKG/IcXD4p49V+8+Td2JnPQxAcFj/equrqenwiutON8W6WV1bX1jfJmZWt7Z3evun/QUnEqGTZZLGLZ8alCwSNsaq4FdhKJNPQFtv3xzcxvP6JUPI7u9SRBL6TDiA84o9pID738hUxiMCXueb9ac2wnB1kmbkFqUKDRr371gpilIUaaCapU13US7WVUas4ETiu9VGFC2ZgOsWtoRENUXpbvnJITowRkEEtTkSa5+nsio6FSk9A3nSHVI7XozcT/vG6qB9dexqMk1Rix+aJBKoiOySwCEnCJTIuJIZRJbv5K2IhKyrQJqmJCcBdPXiatM9u9tJ27i1rdLuIowxEcwym4cAV1uIUGNIGBhGd4hTfryXqx3q2PeWvJKmYO4Q+szx8Rc5Io</latexit>

13
<latexit sha1_base64="PmfGllzIeTfxhEgzGg6pN1FhPNQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgKiSi6LLgxmUF+4AmlMlk0g6dZMLMRKihX+LGhSJu/RR3/o3TNAttPXDhcM69c+eeMONMadf9ttbWNza3tms79d29/YOGfXjUVSKXhHaI4EL2Q6woZyntaKY57WeS4iTktBdObud+75FKxUT6oKcZDRI8SlnMCNZGGtoNv3yjkDSaIV+Lod10HbcEWiVeRZpQoT20v/xIkDyhqSYcKzXw3EwHBZaaEU5ndT9XNMNkgkd0YGiKE6qColw6Q2dGiVAspKlUo1L9PVHgRKlpEprOBOuxWvbm4n/eINfxTVCwNMs1TcliUZxzpAWap4AiJinRfGoIJpKZvyIyxhITbbKqmxC85ZNXSffC8a4c9/6y2XKqOGpwAqdwDh5cQwvuoA0dIJDDM7zCm/VkvVjv1seidc2qZo7hD6zPH//qkz4=</latexit>!



Recall the WL kernel 
! After K iterations, the WL kernel computes the histogram of colors 
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<latexit sha1_base64="qE+CwfCU6j5fSyANlntaXTkCCyA=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARKpQyU7wtVAoudFnBXmBmGDJp2oZmLiQZoQx9Gze+ihtBRXTpm5hpR6ytBxI+/nMOyf97EaNCGsanlltYXFpeya8W1tY3Nrf07Z2mCGOOSQOHLORtDwnCaEAakkpG2hEnyPcYaXmDq7Tfuidc0DC4k8OIOD7qBbRLMZJKcvVLO+rTku0j2ceIJdcj1zyEF9A6KcNqGZo/tzEFvwwdVy8aFWNccB7MDIogq7qrv9idEMc+CSRmSAjLNCLpJIhLihkZFexYkAjhAeoRS2GAfCKcZOxzBA+U0oHdkKsTSDhWpzcS5Asx9D01mRoSs71U/K9nxbJ75iQ0iGJJAjx5qBszKEOYhgY7lBMs2VABwpyqv0LcRxxhqaItqBDMWcvz0KxWzOOKcXtUrJ1nceTBHtgHJWCCU1ADN6AOGgCDB/AEXsGb9qg9a+/ax2Q0p2U7u+BPaV/fUFOdbw==</latexit>

�(G1) = [6, 2, 1, 2, 1, 0, 2, 1, 0, 0, 2, 1, 0]

<latexit sha1_base64="VuRlWSCAG9Dyb3Vr0wL0rft1Hh0=">AAACH3icbVDLSgMxFM34tr5GXbq5WAQXoUzUPtwJblwq2Ae0pWQyGQ1mHiQZoQz9Ezf+ihsXioi7/o3ptAutHrhwOOfem5vjp1Jo43ljZ2FxaXlldW29tLG5tb3j7u61dJIpxpsskYnq+FRzKWLeNMJI3kkVp5Evedt/uJz47UeutEjiWzNMeT+id7EIBaPGSgO31it25IoHIyAYTjCcYjjDUMVQw1DH0MBwjoF4tqxPbAM5hYFb9ipeAfhLyIyU0QzXA/erFyQsi3hsmKRad4mXmn5OlRFM8lGpl2meUvZA73jX0phGXPfz4rYRHFklgDBRtmIDhfpzIqeR1sPIt50RNfd63puI/3ndzISNfi7iNDM8ZtOHwkyCSWASFgRCcWbk0BLKlLC3ArunijJjIy3ZEMj8l/+S1kmFVCvezVn54nwWxxo6QIfoGBFURxfoCl2jJmLoCb2gN/TuPDuvzofzOW1dcGYz++gXnPE32H2apw==</latexit>

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13

<latexit sha1_base64="iDcWy81CVZY8r3vD/a6+AY3D5+g=">AAACJ3icbVDLSgMxFM3UV62vUZdugkWoUMpM8bVQKbjQZQX7gJlhyKSZNjTzIMkIZejfuPFX3Agqokv/xEw7grZeksvhnHtJzvFiRoU0jE+tsLC4tLxSXC2trW9sbunbO20RJRyTFo5YxLseEoTRkLQklYx0Y05Q4DHS8YZXmd65J1zQKLyTo5g4AeqH1KcYSUW5+qUdD2jFDpAcYMTS67FbP4QX0DqpwnoVmj99eowZDB1XLxs1Y1JwHpg5KIO8mq7+YvcinAQklJghISzTiKWTIi4pZmRcshNBYoSHqE8sBUMUEOGkE59jeKCYHvQjrm4o4YT9vZGiQIhR4KnJzJCY1TLyP81KpH/mpDSME0lCPH3ITxiUEcxCgz3KCZZspADCnKq/QjxAHGGpoi2pEMxZy/OgXa+ZxzXj9qjcOM/jKII9sA8qwASnoAFuQBO0AAYP4Am8gjftUXvW3rWP6WhBy3d2wZ/Svr4BUgOdcA==</latexit>

�(G2) = [6, 2, 1, 2, 1, 1, 1, 0, 1, 1, 1, 0, 1]

<latexit sha1_base64="VuRlWSCAG9Dyb3Vr0wL0rft1Hh0=">AAACH3icbVDLSgMxFM34tr5GXbq5WAQXoUzUPtwJblwq2Ae0pWQyGQ1mHiQZoQz9Ezf+ihsXioi7/o3ptAutHrhwOOfem5vjp1Jo43ljZ2FxaXlldW29tLG5tb3j7u61dJIpxpsskYnq+FRzKWLeNMJI3kkVp5Evedt/uJz47UeutEjiWzNMeT+id7EIBaPGSgO31it25IoHIyAYTjCcYjjDUMVQw1DH0MBwjoF4tqxPbAM5hYFb9ipeAfhLyIyU0QzXA/erFyQsi3hsmKRad4mXmn5OlRFM8lGpl2meUvZA73jX0phGXPfz4rYRHFklgDBRtmIDhfpzIqeR1sPIt50RNfd63puI/3ndzISNfi7iNDM8ZtOHwkyCSWASFgRCcWbk0BLKlLC3ArunijJjIy3ZEMj8l/+S1kmFVCvezVn54nwWxxo6QIfoGBFURxfoCl2jJmLoCb2gN/TuPDuvzofzOW1dcGYz++gXnPE32H2apw==</latexit>

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13

<latexit sha1_base64="dn2a1gj2j/M4AeUSFtgVMIbvKrw=">AAACNnicbVDLSsNAFJ3UV62vqEs3g0VoQUpSFF1oKbhQEKGCfUATwmQ6aYdOHsxMhBL6VW78DnfduFDErZ/gpM3Cth4YOHPuudx7jxsxKqRhTLTcyura+kZ+s7C1vbO7p+8ftEQYc0yaOGQh77hIEEYD0pRUMtKJOEG+y0jbHd6k9fYz4YKGwZMcRcT2UT+gHsVIKsnRH+5Llo/kACOW3I4d8xT+/VbL8BpeWdGAzrvKyrYoVss16OhFo2JMAZeJmZEiyNBw9DerF+LYJ4HEDAnRNY1I2gnikmJGxgUrFiRCeIj6pKtogHwi7GR69hieKKUHvZCrF0g4Vf92JMgXYuS7ypnuKRZrqfhfrRtL79JOaBDFkgR4NsiLGZQhTDOEPcoJlmykCMKcql0hHiCOsFRJF1QI5uLJy6RVrZjnFePxrFivZXHkwRE4BiVgggtQB3egAZoAgxcwAR/gU3vV3rUv7XtmzWlZzyGYg/bzC3Rtqeo=</latexit>

K(G1,G2) =< �(G1),�(G2) >

WL kernel 



Strong connections with 1-WL test (1)
! 1-Weisfeiler-Lehman (WL) is a classical algorithm for graph isomorphism

! It tells you if two graphs are not isomorphic, but it does not allow you to 

conclude if they are isomorphic (necessary but not sufficient condition)  


! By construction, GNNs can only be as powerful as the 1-WL test 
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[Illustrative example from X. Bresson] 




Strong connections with 1-WL test (1)
! 1-Weisfeiler-Lehman (WL) is a classical algorithm for graph isomorphism

! It tells you if two graphs are not isomorphic, but it does not allow you to 

conclude if they are isomorphic (necessary but not sufficient condition)  


! By construction, GNNs can only be as powerful as the 1-WL test 
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[Illustrative example from X. Bresson] 




Strong connections with 1-WL test (2)
! MPNNs are equivalent to (at most as powerful as) the 1-WL isomorphism 

test 

- WL function should be injective: different inputs are mapped to different outputs

- GINs are as powerful as the 1-WL test 


! Over discrete features, GNNs can only be as powerful as the 1-WL test 

12
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1-WL test

- Input: a graph 


- Assign an initial color        (e.g., node degree)  to each 
node    of


- For each iteration           refine node colors as 


- Until stable node coloring is reached


- Output: The node colors                           

MPNN

- Input: a graph 


- Assign an initial embedding       (e.g., node attribute)  to 
each node    of


- For each layer           refine node embeddings as 


- Until maximum number of layers is reached


- Output: The node embeddings            

<latexit sha1_base64="lBkpD9nlBLLBccp7yngiGrlhYfk=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCERRTdCQUSXFewD2lAm00k7dDIJMxOhhHyEG3/FjQtF3Lpw5984aUPR1gMD55x7L3Pv8SJGpbLtb6OwsLi0vFJcLa2tb2xumds7DRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6w6us3nwgQtKQ36tRRNwA9Tn1KUZKW13zqBMgNcCIJTcpvISVqWykx3AqrrVoHnbNsm3ZY8B54uSkDHLUuuZXpxfiOCBcYYakbDt2pNwECUUxI2mpE0sSITxEfdLWlKOASDcZH5XCA+30oB8K/biCY/f3RIICKUeBpzuzNeVsLTP/q7Vj5V+4CeVRrAjHk4/8mEEVwiwh2KOCYMVGmiAsqN4V4gESCCudY0mH4MyePE8aJ5ZzZtl3p+WqlcdRBHtgH1SAA85BFdyCGqgDDB7BM3gFb8aT8WK8Gx+T1oKRz+yCPzA+fwD+1Z1y</latexit>

G = (V, E ,W )
<latexit sha1_base64="lBkpD9nlBLLBccp7yngiGrlhYfk=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCERRTdCQUSXFewD2lAm00k7dDIJMxOhhHyEG3/FjQtF3Lpw5984aUPR1gMD55x7L3Pv8SJGpbLtb6OwsLi0vFJcLa2tb2xumds7DRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6w6us3nwgQtKQ36tRRNwA9Tn1KUZKW13zqBMgNcCIJTcpvISVqWykx3AqrrVoHnbNsm3ZY8B54uSkDHLUuuZXpxfiOCBcYYakbDt2pNwECUUxI2mpE0sSITxEfdLWlKOASDcZH5XCA+30oB8K/biCY/f3RIICKUeBpzuzNeVsLTP/q7Vj5V+4CeVRrAjHk4/8mEEVwiwh2KOCYMVGmiAsqN4V4gESCCudY0mH4MyePE8aJ5ZzZtl3p+WqlcdRBHtgH1SAA85BFdyCGqgDDB7BM3gFb8aT8WK8Gx+T1oKRz+yCPzA+fwD+1Z1y</latexit>

G = (V, E ,W )
<latexit sha1_base64="FVEjmw6XxZD/op5bufQ2d5PppvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0WPBi8cKpi20sWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAmujed9O6W19Y3NrfJ2ZWd3b/+genjU1GmuGAYsFalqR1Sj4BIDw43AdqaQJpHAVjS6nfmtJ1Sap/LBjDMMEzqQPOaMGisF7NHr8V615rneHGSV+AWpQYFGr/rV7acsT1AaJqjWHd/LTDihynAmcFrp5hozykZ0gB1LJU1Qh5P5sVNyZpU+iVNlSxoyV39PTGii9TiJbGdCzVAvezPxP6+Tm/gmnHCZ5QYlWyyKc0FMSmafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgr/88ippXrj+levdX9bqbhFHGU7gFM7Bh2uowx00IAAGHJ7hFd4c6bw4787HorXkFDPH8AfO5w9fOY5V</latexit>

c0i
<latexit sha1_base64="Z0olvFRxe1biCN1xSfs1UwDZRBk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0WPBi8cKpi20sWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAmujed9O6W19Y3NrfJ2ZWd3b/+genjU1GmuGAYsFalqR1Sj4BIDw43AdqaQJpHAVjS6nfmtJ1Sap/LBjDMMEzqQPOaMGisFw0evx3vVmud6c5BV4hekBgUavepXt5+yPEFpmKBad3wvM+GEKsOZwGmlm2vMKBvRAXYslTRBHU7mx07JmVX6JE6VLWnIXP09MaGJ1uMksp0JNUO97M3E/7xObuKbcMJllhuUbLEozgUxKZl9TvpcITNibAllittbCRtSRZmx+VRsCP7yy6ukeeH6V653f1mru0UcZTiBUzgHH66hDnfQgAAYcHiGV3hzpPPivDsfi9aSU8wcwx84nz9m4Y5a</latexit>

h0
i

<latexit sha1_base64="81xBhHk80prdQCbShzZnBc6/R40=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Cokoeix48diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLU8G18bxvZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+m/ntJ1SaJ/LBTFIMYjqUPOKMGis1eL9S9VxvDrJK/IJUoUC9X/nqDRKWxSgNE1Trru+lJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dErOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdsQ/OWXV0nr0vWvXa9xVa25RRwlOIUzuAAfbqAG91CHJjBAeIZXeHMenRfn3flYtK45xcwJ/IHz+QPKy4zd</latexit>

i
<latexit sha1_base64="81xBhHk80prdQCbShzZnBc6/R40=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Cokoeix48diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLU8G18bxvZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+m/ntJ1SaJ/LBTFIMYjqUPOKMGis1eL9S9VxvDrJK/IJUoUC9X/nqDRKWxSgNE1Trru+lJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dErOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdsQ/OWXV0nr0vWvXa9xVa25RRwlOIUzuAAfbqAG91CHJjBAeIZXeHMenRfn3flYtK45xcwJ/IHz+QPKy4zd</latexit>

i
<latexit sha1_base64="sgyMuUDUdtT2XRFgpvxHmEFVFSw=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5CIoseCF48VbC20oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6HnfTmVtfWNzq7pd29nd2z+oHx51jMo0422mpNLdkBouRcLbKFDybqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRSrx9THDMq885sUG94rjcHWSV+SRpQojWof/WHimUxT5BJakzP91IMcqpRMMlntX5meErZhI54z9KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//N6GUY3QS6SNEOesMVHUSYJKlLcT4ZCc4ZyagllWtishI2ppgxtSzVbgr988irpXLj+levdXzaabllHFU7gFM7Bh2towh20oA0MFDzDK7w56Lw4787HYrTilDvH8AfO5w+LhZFc</latexit>

V
<latexit sha1_base64="sgyMuUDUdtT2XRFgpvxHmEFVFSw=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5CIoseCF48VbC20oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6HnfTmVtfWNzq7pd29nd2z+oHx51jMo0422mpNLdkBouRcLbKFDybqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRSrx9THDMq885sUG94rjcHWSV+SRpQojWof/WHimUxT5BJakzP91IMcqpRMMlntX5meErZhI54z9KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//N6GUY3QS6SNEOesMVHUSYJKlLcT4ZCc4ZyagllWtishI2ppgxtSzVbgr988irpXLj+levdXzaabllHFU7gFM7Bh2towh20oA0MFDzDK7w56Lw4787HYrTilDvH8AfO5w+LhZFc</latexit>

V
<latexit sha1_base64="QQieeNnpcEgjy5M3tSszvvS6Rtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiih4LXjxWtLbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737ZRWVtfWN8qbla3tnd296v7Bo04yxbDJEpGodkg1Ci6xabgR2E4V0jgU2ApHN1O/9YRK80Q+mHGKQUwHkkecUWOle3Hm96o1z/VmIMvEL0gNCjR61a9uP2FZjNIwQbXu+F5qgpwqw5nASaWbaUwpG9EBdiyVNEYd5LNTJ+TEKn0SJcqWNGSm/p7Iaaz1OA5tZ0zNUC96U/E/r5OZ6DrIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BX3x5mTyeu/6l691d1OpuEUcZjuAYTsGHK6jDLTSgCQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwClo41Q</latexit>

l + 1
<latexit sha1_base64="QQieeNnpcEgjy5M3tSszvvS6Rtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiih4LXjxWtLbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737ZRWVtfWN8qbla3tnd296v7Bo04yxbDJEpGodkg1Ci6xabgR2E4V0jgU2ApHN1O/9YRK80Q+mHGKQUwHkkecUWOle3Hm96o1z/VmIMvEL0gNCjR61a9uP2FZjNIwQbXu+F5qgpwqw5nASaWbaUwpG9EBdiyVNEYd5LNTJ+TEKn0SJcqWNGSm/p7Iaaz1OA5tZ0zNUC96U/E/r5OZ6DrIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BX3x5mTyeu/6l691d1OpuEUcZjuAYTsGHK6jDLTSgCQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwClo41Q</latexit>

l + 1
<latexit sha1_base64="qOTTI9C4ifOonsPoLt9g4LOnhKA="></latexit>

cl+1
i = HASH

��
cli, {clj}j2Ni

 � <latexit sha1_base64="m0bsVVhPhPGwIfXUxWPr171UDyU="></latexit>

hl+1
i = Ul

�
hl
i, �

j2Ni

Ml(h
l
j , h

l
i)
�

<latexit sha1_base64="qvfjVy+LAOScnovXaWf8gy/w1rg=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclJAURTdCwY0rqWAf0MQwmU7aoZMHMxOxDPkCN/6KGxeKuHXtzr9x2mahrQcuHM65l3vvCVJGhbTtb2NpeWV1bb20Ud7c2t7ZNff22yLJOCYtnLCEdwMkCKMxaUkqGemmnKAoYKQTjC4nfueecEGT+FaOU+JFaBDTkGIkteSbVVfhO8V8FaGHPPepm/uKwgvoKqdWr1mWVbt2tW5WbMueAi4SpyAVUKDpm19uP8FZRGKJGRKi59ip9BTikmJG8rKbCZIiPEID0tM0RhERnpq+k8OqVvowTLiuWMKp+ntCoUiIcRTozgjJoZj3JuJ/Xi+T4bmnaJxmksR4tijMGJQJnGQD+5QTLNlYE4Q51bdCPEQcYakTLOsQnPmXF0m7bjmnln1zUmlYRRwlcAiOwDFwwBlogCvQBC2AwSN4Bq/gzXgyXox342PWumQUMwfgD4zPH2g8mvM=</latexit>

{clmax
i }i={1,2,...,N}

<latexit sha1_base64="9gp1CNBie3T0H5BNS4vMhyc7LM8=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclJAURTdCwY0rqWAf0MQwmU7aoZMHMxOxDPkCN/6KGxeKuHXtzr9x2mahrQcuHM65l3vvCVJGhbTtb2NpeWV1bb20Ud7c2t7ZNff22yLJOCYtnLCEdwMkCKMxaUkqGemmnKAoYKQTjC4nfueecEGT+FaOU+JFaBDTkGIkteSbVVcN7xTzVYQe8tynbu4rCi+gq5xavWZZVu3a1bpZsS17CrhInIJUQIGmb365/QRnEYklZkiInmOn0lOIS4oZyctuJkiK8AgNSE/TGEVEeGr6Tg6rWunDMOG6Ygmn6u8JhSIhxlGgOyMkh2Lem4j/eb1MhueeonGaSRLj2aIwY1AmcJIN7FNOsGRjTRDmVN8K8RBxhKVOsKxDcOZfXiTtuuWcWvbNSaVhFXGUwCE4AsfAAWegAa5AE7QABo/gGbyCN+PJeDHejY9Z65JRzByAPzA+fwBwepr4</latexit>

{hlmax
i }i={1,2,...,N}

[Xu et al., How powerful are graph neural networks, ICLR 2019]




Strong connections with 1-WL test (2)
! MPNNs are equivalent to (at most as powerful as) the 1-WL isomorphism 

test 

- WL function should be injective: different inputs are mapped to different outputs

- GINs are as powerful as the 1-WL test 


! Over discrete features, GNNs can only be as powerful as the 1-WL test 
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1-WL test

- Input: a graph 


- Assign an initial color        (e.g., node degree)  to each 
node    of


- For each iteration           refine node colors as 


- Until stable node coloring is reached


- Output: The node colors                           

MPNN

- Input: a graph 


- Assign an initial embedding       (e.g., node attribute)  to 
each node    of


- For each layer           refine node embeddings as 


- Until maximum number of layers is reached


- Output: The node embeddings            

<latexit sha1_base64="lBkpD9nlBLLBccp7yngiGrlhYfk=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCERRTdCQUSXFewD2lAm00k7dDIJMxOhhHyEG3/FjQtF3Lpw5984aUPR1gMD55x7L3Pv8SJGpbLtb6OwsLi0vFJcLa2tb2xumds7DRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6w6us3nwgQtKQ36tRRNwA9Tn1KUZKW13zqBMgNcCIJTcpvISVqWykx3AqrrVoHnbNsm3ZY8B54uSkDHLUuuZXpxfiOCBcYYakbDt2pNwECUUxI2mpE0sSITxEfdLWlKOASDcZH5XCA+30oB8K/biCY/f3RIICKUeBpzuzNeVsLTP/q7Vj5V+4CeVRrAjHk4/8mEEVwiwh2KOCYMVGmiAsqN4V4gESCCudY0mH4MyePE8aJ5ZzZtl3p+WqlcdRBHtgH1SAA85BFdyCGqgDDB7BM3gFb8aT8WK8Gx+T1oKRz+yCPzA+fwD+1Z1y</latexit>

G = (V, E ,W )
<latexit sha1_base64="lBkpD9nlBLLBccp7yngiGrlhYfk=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCERRTdCQUSXFewD2lAm00k7dDIJMxOhhHyEG3/FjQtF3Lpw5984aUPR1gMD55x7L3Pv8SJGpbLtb6OwsLi0vFJcLa2tb2xumds7DRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6w6us3nwgQtKQ36tRRNwA9Tn1KUZKW13zqBMgNcCIJTcpvISVqWykx3AqrrVoHnbNsm3ZY8B54uSkDHLUuuZXpxfiOCBcYYakbDt2pNwECUUxI2mpE0sSITxEfdLWlKOASDcZH5XCA+30oB8K/biCY/f3RIICKUeBpzuzNeVsLTP/q7Vj5V+4CeVRrAjHk4/8mEEVwiwh2KOCYMVGmiAsqN4V4gESCCudY0mH4MyePE8aJ5ZzZtl3p+WqlcdRBHtgH1SAA85BFdyCGqgDDB7BM3gFb8aT8WK8Gx+T1oKRz+yCPzA+fwD+1Z1y</latexit>

G = (V, E ,W )
<latexit sha1_base64="FVEjmw6XxZD/op5bufQ2d5PppvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0WPBi8cKpi20sWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAmujed9O6W19Y3NrfJ2ZWd3b/+genjU1GmuGAYsFalqR1Sj4BIDw43AdqaQJpHAVjS6nfmtJ1Sap/LBjDMMEzqQPOaMGisF7NHr8V615rneHGSV+AWpQYFGr/rV7acsT1AaJqjWHd/LTDihynAmcFrp5hozykZ0gB1LJU1Qh5P5sVNyZpU+iVNlSxoyV39PTGii9TiJbGdCzVAvezPxP6+Tm/gmnHCZ5QYlWyyKc0FMSmafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgr/88ippXrj+levdX9bqbhFHGU7gFM7Bh2uowx00IAAGHJ7hFd4c6bw4787HorXkFDPH8AfO5w9fOY5V</latexit>

c0i
<latexit sha1_base64="Z0olvFRxe1biCN1xSfs1UwDZRBk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0WPBi8cKpi20sWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAmujed9O6W19Y3NrfJ2ZWd3b/+genjU1GmuGAYsFalqR1Sj4BIDw43AdqaQJpHAVjS6nfmtJ1Sap/LBjDMMEzqQPOaMGisFw0evx3vVmud6c5BV4hekBgUavepXt5+yPEFpmKBad3wvM+GEKsOZwGmlm2vMKBvRAXYslTRBHU7mx07JmVX6JE6VLWnIXP09MaGJ1uMksp0JNUO97M3E/7xObuKbcMJllhuUbLEozgUxKZl9TvpcITNibAllittbCRtSRZmx+VRsCP7yy6ukeeH6V653f1mru0UcZTiBUzgHH66hDnfQgAAYcHiGV3hzpPPivDsfi9aSU8wcwx84nz9m4Y5a</latexit>

h0
i

<latexit sha1_base64="81xBhHk80prdQCbShzZnBc6/R40=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Cokoeix48diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLU8G18bxvZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+m/ntJ1SaJ/LBTFIMYjqUPOKMGis1eL9S9VxvDrJK/IJUoUC9X/nqDRKWxSgNE1Trru+lJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dErOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdsQ/OWXV0nr0vWvXa9xVa25RRwlOIUzuAAfbqAG91CHJjBAeIZXeHMenRfn3flYtK45xcwJ/IHz+QPKy4zd</latexit>

i
<latexit sha1_base64="81xBhHk80prdQCbShzZnBc6/R40=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Cokoeix48diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLU8G18bxvZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+m/ntJ1SaJ/LBTFIMYjqUPOKMGis1eL9S9VxvDrJK/IJUoUC9X/nqDRKWxSgNE1Trru+lJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dErOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdsQ/OWXV0nr0vWvXa9xVa25RRwlOIUzuAAfbqAG91CHJjBAeIZXeHMenRfn3flYtK45xcwJ/IHz+QPKy4zd</latexit>

i
<latexit sha1_base64="sgyMuUDUdtT2XRFgpvxHmEFVFSw=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5CIoseCF48VbC20oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6HnfTmVtfWNzq7pd29nd2z+oHx51jMo0422mpNLdkBouRcLbKFDybqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRSrx9THDMq885sUG94rjcHWSV+SRpQojWof/WHimUxT5BJakzP91IMcqpRMMlntX5meErZhI54z9KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//N6GUY3QS6SNEOesMVHUSYJKlLcT4ZCc4ZyagllWtishI2ppgxtSzVbgr988irpXLj+levdXzaabllHFU7gFM7Bh2towh20oA0MFDzDK7w56Lw4787HYrTilDvH8AfO5w+LhZFc</latexit>

V
<latexit sha1_base64="sgyMuUDUdtT2XRFgpvxHmEFVFSw=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5CIoseCF48VbC20oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6HnfTmVtfWNzq7pd29nd2z+oHx51jMo0422mpNLdkBouRcLbKFDybqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRSrx9THDMq885sUG94rjcHWSV+SRpQojWof/WHimUxT5BJakzP91IMcqpRMMlntX5meErZhI54z9KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//N6GUY3QS6SNEOesMVHUSYJKlLcT4ZCc4ZyagllWtishI2ppgxtSzVbgr988irpXLj+levdXzaabllHFU7gFM7Bh2towh20oA0MFDzDK7w56Lw4787HYrTilDvH8AfO5w+LhZFc</latexit>

V
<latexit sha1_base64="QQieeNnpcEgjy5M3tSszvvS6Rtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiih4LXjxWtLbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737ZRWVtfWN8qbla3tnd296v7Bo04yxbDJEpGodkg1Ci6xabgR2E4V0jgU2ApHN1O/9YRK80Q+mHGKQUwHkkecUWOle3Hm96o1z/VmIMvEL0gNCjR61a9uP2FZjNIwQbXu+F5qgpwqw5nASaWbaUwpG9EBdiyVNEYd5LNTJ+TEKn0SJcqWNGSm/p7Iaaz1OA5tZ0zNUC96U/E/r5OZ6DrIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BX3x5mTyeu/6l691d1OpuEUcZjuAYTsGHK6jDLTSgCQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwClo41Q</latexit>

l + 1
<latexit sha1_base64="QQieeNnpcEgjy5M3tSszvvS6Rtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiih4LXjxWtLbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737ZRWVtfWN8qbla3tnd296v7Bo04yxbDJEpGodkg1Ci6xabgR2E4V0jgU2ApHN1O/9YRK80Q+mHGKQUwHkkecUWOle3Hm96o1z/VmIMvEL0gNCjR61a9uP2FZjNIwQbXu+F5qgpwqw5nASaWbaUwpG9EBdiyVNEYd5LNTJ+TEKn0SJcqWNGSm/p7Iaaz1OA5tZ0zNUC96U/E/r5OZ6DrIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BX3x5mTyeu/6l691d1OpuEUcZjuAYTsGHK6jDLTSgCQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwClo41Q</latexit>

l + 1
<latexit sha1_base64="qOTTI9C4ifOonsPoLt9g4LOnhKA="></latexit>

cl+1
i = HASH

��
cli, {clj}j2Ni

 � <latexit sha1_base64="m0bsVVhPhPGwIfXUxWPr171UDyU="></latexit>

hl+1
i = Ul

�
hl
i, �

j2Ni

Ml(h
l
j , h

l
i)
�

<latexit sha1_base64="qvfjVy+LAOScnovXaWf8gy/w1rg=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclJAURTdCwY0rqWAf0MQwmU7aoZMHMxOxDPkCN/6KGxeKuHXtzr9x2mahrQcuHM65l3vvCVJGhbTtb2NpeWV1bb20Ud7c2t7ZNff22yLJOCYtnLCEdwMkCKMxaUkqGemmnKAoYKQTjC4nfueecEGT+FaOU+JFaBDTkGIkteSbVVfhO8V8FaGHPPepm/uKwgvoKqdWr1mWVbt2tW5WbMueAi4SpyAVUKDpm19uP8FZRGKJGRKi59ip9BTikmJG8rKbCZIiPEID0tM0RhERnpq+k8OqVvowTLiuWMKp+ntCoUiIcRTozgjJoZj3JuJ/Xi+T4bmnaJxmksR4tijMGJQJnGQD+5QTLNlYE4Q51bdCPEQcYakTLOsQnPmXF0m7bjmnln1zUmlYRRwlcAiOwDFwwBlogCvQBC2AwSN4Bq/gzXgyXox342PWumQUMwfgD4zPH2g8mvM=</latexit>

{clmax
i }i={1,2,...,N}

<latexit sha1_base64="9gp1CNBie3T0H5BNS4vMhyc7LM8=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclJAURTdCwY0rqWAf0MQwmU7aoZMHMxOxDPkCN/6KGxeKuHXtzr9x2mahrQcuHM65l3vvCVJGhbTtb2NpeWV1bb20Ud7c2t7ZNff22yLJOCYtnLCEdwMkCKMxaUkqGemmnKAoYKQTjC4nfueecEGT+FaOU+JFaBDTkGIkteSbVVcN7xTzVYQe8tynbu4rCi+gq5xavWZZVu3a1bpZsS17CrhInIJUQIGmb365/QRnEYklZkiInmOn0lOIS4oZyctuJkiK8AgNSE/TGEVEeGr6Tg6rWunDMOG6Ygmn6u8JhSIhxlGgOyMkh2Lem4j/eb1MhueeonGaSRLj2aIwY1AmcJIN7FNOsGRjTRDmVN8K8RBxhKVOsKxDcOZfXiTtuuWcWvbNSaVhFXGUwCE4AsfAAWegAa5AE7QABo/gGbyCN+PJeDHejY9Z65JRzByAPzA+fwBwepr4</latexit>

{hlmax
i }i={1,2,...,N}

[Xu et al., How powerful are graph neural networks, ICLR 2019]




Strong connections with 1-WL test (2)
! MPNNs are equivalent to (at most as powerful as) the 1-WL isomorphism 

test 

- WL function should be injective: different inputs are mapped to different outputs

- GINs are as powerful as the 1-WL test 


! Over discrete features, GNNs can only be as powerful as the 1-WL test 

12

Network Machine Learning - EE452

Dr Dorina Thanou 


Prof. Pascal Frossard

1-WL test

- Input: a graph 


- Assign an initial color        (e.g., node degree)  to each 
node    of


- For each iteration           refine node colors as 


- Until stable node coloring is reached


- Output: The node colors                           

MPNN

- Input: a graph 


- Assign an initial embedding       (e.g., node attribute)  to 
each node    of


- For each layer           refine node embeddings as 


- Until maximum number of layers is reached


- Output: The node embeddings            

<latexit sha1_base64="lBkpD9nlBLLBccp7yngiGrlhYfk=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCERRTdCQUSXFewD2lAm00k7dDIJMxOhhHyEG3/FjQtF3Lpw5984aUPR1gMD55x7L3Pv8SJGpbLtb6OwsLi0vFJcLa2tb2xumds7DRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6w6us3nwgQtKQ36tRRNwA9Tn1KUZKW13zqBMgNcCIJTcpvISVqWykx3AqrrVoHnbNsm3ZY8B54uSkDHLUuuZXpxfiOCBcYYakbDt2pNwECUUxI2mpE0sSITxEfdLWlKOASDcZH5XCA+30oB8K/biCY/f3RIICKUeBpzuzNeVsLTP/q7Vj5V+4CeVRrAjHk4/8mEEVwiwh2KOCYMVGmiAsqN4V4gESCCudY0mH4MyePE8aJ5ZzZtl3p+WqlcdRBHtgH1SAA85BFdyCGqgDDB7BM3gFb8aT8WK8Gx+T1oKRz+yCPzA+fwD+1Z1y</latexit>

G = (V, E ,W )
<latexit sha1_base64="lBkpD9nlBLLBccp7yngiGrlhYfk=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoKCERRTdCQUSXFewD2lAm00k7dDIJMxOhhHyEG3/FjQtF3Lpw5984aUPR1gMD55x7L3Pv8SJGpbLtb6OwsLi0vFJcLa2tb2xumds7DRnGApM6DlkoWh6ShFFO6ooqRlqRICjwGGl6w6us3nwgQtKQ36tRRNwA9Tn1KUZKW13zqBMgNcCIJTcpvISVqWykx3AqrrVoHnbNsm3ZY8B54uSkDHLUuuZXpxfiOCBcYYakbDt2pNwECUUxI2mpE0sSITxEfdLWlKOASDcZH5XCA+30oB8K/biCY/f3RIICKUeBpzuzNeVsLTP/q7Vj5V+4CeVRrAjHk4/8mEEVwiwh2KOCYMVGmiAsqN4V4gESCCudY0mH4MyePE8aJ5ZzZtl3p+WqlcdRBHtgH1SAA85BFdyCGqgDDB7BM3gFb8aT8WK8Gx+T1oKRz+yCPzA+fwD+1Z1y</latexit>

G = (V, E ,W )
<latexit sha1_base64="FVEjmw6XxZD/op5bufQ2d5PppvE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0WPBi8cKpi20sWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAmujed9O6W19Y3NrfJ2ZWd3b/+genjU1GmuGAYsFalqR1Sj4BIDw43AdqaQJpHAVjS6nfmtJ1Sap/LBjDMMEzqQPOaMGisF7NHr8V615rneHGSV+AWpQYFGr/rV7acsT1AaJqjWHd/LTDihynAmcFrp5hozykZ0gB1LJU1Qh5P5sVNyZpU+iVNlSxoyV39PTGii9TiJbGdCzVAvezPxP6+Tm/gmnHCZ5QYlWyyKc0FMSmafkz5XyIwYW0KZ4vZWwoZUUWZsPhUbgr/88ippXrj+levdX9bqbhFHGU7gFM7Bh2uowx00IAAGHJ7hFd4c6bw4787HorXkFDPH8AfO5w9fOY5V</latexit>

c0i
<latexit sha1_base64="Z0olvFRxe1biCN1xSfs1UwDZRBk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0WPBi8cKpi20sWy2k3bpZhN2N0Ip/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZelAmujed9O6W19Y3NrfJ2ZWd3b/+genjU1GmuGAYsFalqR1Sj4BIDw43AdqaQJpHAVjS6nfmtJ1Sap/LBjDMMEzqQPOaMGisFw0evx3vVmud6c5BV4hekBgUavepXt5+yPEFpmKBad3wvM+GEKsOZwGmlm2vMKBvRAXYslTRBHU7mx07JmVX6JE6VLWnIXP09MaGJ1uMksp0JNUO97M3E/7xObuKbcMJllhuUbLEozgUxKZl9TvpcITNibAllittbCRtSRZmx+VRsCP7yy6ukeeH6V653f1mru0UcZTiBUzgHH66hDnfQgAAYcHiGV3hzpPPivDsfi9aSU8wcwx84nz9m4Y5a</latexit>

h0
i

<latexit sha1_base64="81xBhHk80prdQCbShzZnBc6/R40=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Cokoeix48diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLU8G18bxvZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+m/ntJ1SaJ/LBTFIMYjqUPOKMGis1eL9S9VxvDrJK/IJUoUC9X/nqDRKWxSgNE1Trru+lJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dErOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdsQ/OWXV0nr0vWvXa9xVa25RRwlOIUzuAAfbqAG91CHJjBAeIZXeHMenRfn3flYtK45xcwJ/IHz+QPKy4zd</latexit>

i
<latexit sha1_base64="81xBhHk80prdQCbShzZnBc6/R40=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Cokoeix48diC/YA2lM120q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLU8G18bxvZ219Y3Nru7RT3t3bPzisHB23dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji+m/ntJ1SaJ/LBTFIMYjqUPOKMGis1eL9S9VxvDrJK/IJUoUC9X/nqDRKWxSgNE1Trru+lJsipMpwJnJZ7mcaUsjEdYtdSSWPUQT4/dErOrTIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZiW6DnMs0MyjZYlGUCWISMvuaDLhCZsTEEsoUt7cSNqKKMmOzKdsQ/OWXV0nr0vWvXa9xVa25RRwlOIUzuAAfbqAG91CHJjBAeIZXeHMenRfn3flYtK45xcwJ/IHz+QPKy4zd</latexit>

i
<latexit sha1_base64="sgyMuUDUdtT2XRFgpvxHmEFVFSw=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5CIoseCF48VbC20oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6HnfTmVtfWNzq7pd29nd2z+oHx51jMo0422mpNLdkBouRcLbKFDybqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRSrx9THDMq885sUG94rjcHWSV+SRpQojWof/WHimUxT5BJakzP91IMcqpRMMlntX5meErZhI54z9KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//N6GUY3QS6SNEOesMVHUSYJKlLcT4ZCc4ZyagllWtishI2ppgxtSzVbgr988irpXLj+levdXzaabllHFU7gFM7Bh2towh20oA0MFDzDK7w56Lw4787HYrTilDvH8AfO5w+LhZFc</latexit>

V
<latexit sha1_base64="sgyMuUDUdtT2XRFgpvxHmEFVFSw=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5CIoseCF48VbC20oWy2m3bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKUw6HnfTmVtfWNzq7pd29nd2z+oHx51jMo0422mpNLdkBouRcLbKFDybqo5jUPJH8PJbeE/PnFthEoecJryIKajRESCUbRSrx9THDMq885sUG94rjcHWSV+SRpQojWof/WHimUxT5BJakzP91IMcqpRMMlntX5meErZhI54z9KExtwE+TzyjJxZZUgipe1LkMzV3xs5jY2ZxqGdLCKaZa8Q//N6GUY3QS6SNEOesMVHUSYJKlLcT4ZCc4ZyagllWtishI2ppgxtSzVbgr988irpXLj+levdXzaabllHFU7gFM7Bh2towh20oA0MFDzDK7w56Lw4787HYrTilDvH8AfO5w+LhZFc</latexit>

V
<latexit sha1_base64="QQieeNnpcEgjy5M3tSszvvS6Rtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiih4LXjxWtLbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737ZRWVtfWN8qbla3tnd296v7Bo04yxbDJEpGodkg1Ci6xabgR2E4V0jgU2ApHN1O/9YRK80Q+mHGKQUwHkkecUWOle3Hm96o1z/VmIMvEL0gNCjR61a9uP2FZjNIwQbXu+F5qgpwqw5nASaWbaUwpG9EBdiyVNEYd5LNTJ+TEKn0SJcqWNGSm/p7Iaaz1OA5tZ0zNUC96U/E/r5OZ6DrIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BX3x5mTyeu/6l691d1OpuEUcZjuAYTsGHK6jDLTSgCQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwClo41Q</latexit>

l + 1
<latexit sha1_base64="QQieeNnpcEgjy5M3tSszvvS6Rtg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBZBEEIiih4LXjxWtLbQhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSq4Np737ZRWVtfWN8qbla3tnd296v7Bo04yxbDJEpGodkg1Ci6xabgR2E4V0jgU2ApHN1O/9YRK80Q+mHGKQUwHkkecUWOle3Hm96o1z/VmIMvEL0gNCjR61a9uP2FZjNIwQbXu+F5qgpwqw5nASaWbaUwpG9EBdiyVNEYd5LNTJ+TEKn0SJcqWNGSm/p7Iaaz1OA5tZ0zNUC96U/E/r5OZ6DrIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BX3x5mTyeu/6l691d1OpuEUcZjuAYTsGHK6jDLTSgCQwG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwClo41Q</latexit>

l + 1
<latexit sha1_base64="qOTTI9C4ifOonsPoLt9g4LOnhKA="></latexit>

cl+1
i = HASH

��
cli, {clj}j2Ni

 � <latexit sha1_base64="m0bsVVhPhPGwIfXUxWPr171UDyU="></latexit>

hl+1
i = Ul

�
hl
i, �

j2Ni

Ml(h
l
j , h

l
i)
�

<latexit sha1_base64="qvfjVy+LAOScnovXaWf8gy/w1rg=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRclJAURTdCwY0rqWAf0MQwmU7aoZMHMxOxDPkCN/6KGxeKuHXtzr9x2mahrQcuHM65l3vvCVJGhbTtb2NpeWV1bb20Ud7c2t7ZNff22yLJOCYtnLCEdwMkCKMxaUkqGemmnKAoYKQTjC4nfueecEGT+FaOU+JFaBDTkGIkteSbVVfhO8V8FaGHPPepm/uKwgvoKqdWr1mWVbt2tW5WbMueAi4SpyAVUKDpm19uP8FZRGKJGRKi59ip9BTikmJG8rKbCZIiPEID0tM0RhERnpq+k8OqVvowTLiuWMKp+ntCoUiIcRTozgjJoZj3JuJ/Xi+T4bmnaJxmksR4tijMGJQJnGQD+5QTLNlYE4Q51bdCPEQcYakTLOsQnPmXF0m7bjmnln1zUmlYRRwlcAiOwDFwwBlogCvQBC2AwSN4Bq/gzXgyXox342PWumQUMwfgD4zPH2g8mvM=</latexit>
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[Xu et al., How powerful are graph neural networks, ICLR 2019]




Strong connections with 1-WL test (2)
! MPNNs are equivalent to (at most as powerful as) the 1-WL isomorphism 

test 

- WL function should be injective: different inputs are mapped to different outputs

- GINs are as powerful as the 1-WL test 


! Over discrete features, GNNs can only be as powerful as the 1-WL test 
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1-WL test

- Input: a graph 


- Assign an initial color        (e.g., node degree)  to each 
node    of


- For each iteration           refine node colors as 


- Until stable node coloring is reached


- Output: The node colors                           

MPNN

- Input: a graph 


- Assign an initial embedding       (e.g., node attribute)  to 
each node    of


- For each layer           refine node embeddings as 


- Until maximum number of layers is reached


- Output: The node embeddings            
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[Xu et al., How powerful are graph neural networks, ICLR 2019]




Limitations of MPNNs
! A lot of works have shown that MPNNs have some limitations, e.g.,  

[Morris’19, Xu’18, Chen'20]

- They fail to capture long run interactions 


- They fail to distinguish higher-order structures (similar to WL)


! There are non-isomorphic subgraphs that are considered equivalent by 
MPNNs

13

Network Machine Learning - EE452

Dr Dorina Thanou 


Prof. Pascal Frossard



Improvements of expressiveness of MPNNs
! Intuition: Design algorithms inspired from higher-dimensional isomorphism 

tests (k-WL induced GNNs)


✓ These models are more expressive

- They (often) loose the advantage of locality and linear complexity of MPNNs
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[Adapted from Xavier Bresson’s slides] 




Improvements of expressiveness of MPNNs
! Intuition: Exploit the identity of each node or a neighborhood around 

it to increase the expressive power of MPNNs

- Augment nodes with randomized/positional features or local context (positional 

encoding)

- Examples: [Loukas’20, Vignac’20, Sato’21, Abboud’21]


✓ These models are more expressive

- They are either not permutation equivariant or computationally costly
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Improvements of expressiveness of MPNNs
! Intuition: If the network cannot detect a pattern, we can count 

this pattern and add the extra count as an additional feature

- Augment nodes with handcrafted subgraph-based features (structural encoding)  

- Examples: [Bouritsas’20]


✓ These models are at least as expressive as 1-WL and they can 
distinguish some non-isomorphic graphs that 1-WL fails


- They require expert knowledge on what features are relevant for a 
task
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Still MPNNs remain the most widely-used framework in practice! 



Outline
! Expressive power of GNNs


! Inferring the graph topology


! Dynamic graph models 


! Learning with sparse labels 

17

Network Machine Learning - EE452

Dr Dorina Thanou 


Prof. Pascal Frossard



What if the graph is not given 
! All techniques so far require a graph to be provided as input 


! In many applications, the graph is not given


! A fully connected graph could be designed, but:

- It does not capture important interactions between nodes

- It does not scale 
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How can we learn a graph from data in a GNN?



Graph attention can be considered as 
an example of graph inference
! For a given connectivity matrix, attentional GNNs learn the 

weights of each edge 

- Different weights are attributed to different nodes in a neighbourhood

- Dependence on the global graph structure can be removed
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Attention	weights

Comparison	of	
input	features

Input	features	of	nodes	i,	j

Output	features

[Velickovic et al., Graph Attention Networks, ICLR 2018]
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[Velickovic et al., Graph Attention Networks, ICLR 2018]


Updated embedding

Updated edge attention
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Learning the connectivity
! We can infer simultaneously the graph structure and the node 

representations by optimising a downstream task 
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[Zhu et al., Deep Graph Structure Learning for Robust Representations: A Survey, arXiv, 2021] 



Example: Neural relational inference 
! Objective: Infer the interaction graph from observed dynamics 

without knowing structure of interactions 


! Intuition: Use a downstream task to drive graph construction 

- Infer the graph through an encoder

- Use the graph to make predictions 

- Optimize the entire system end-to-end
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[Kipf et al., Neural relational inference for interacting systems,  ICML 2018] 



Example: Neural relational inference 
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Example: Differential graph module 
! DGM projects nodes to a latent space and uses a Gaussian 

kernel to obtain a probability for each node pair

! The learnable function predicting the probability is optimized for a 

downstream task
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[Kazi et al., Differentiable graph module for graph convolutional networks, ICML, 2020] 



Outline
! Expressive power of GNNs


! Inferring the graph topology


! Dynamic graph models 


! Learning with sparse labels 
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Spatial-temporal GNNs
! Dynamic networks are graphs where over time links and nodes 

may appear and disappear, and features may change  
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[Slide from W. Cappelletti]



Temporal GNNs follow two paradigms 
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Node embeddings for each time step are 
fed to a temporal model

A single model for embedding spatial and 
temporal information 

Spatial then temporal: Spatio-temporal: 

[Skarding et al., Foundations and Modeling of Dynamic Networks Using Dynamic Graph Neural Networks: A Survey, IEEE Access, 2021] 



Outline
! Expressive power of GNNs


! Inferring the graph topology


! Dynamic graph models 


! Learning with sparse labels 
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Unsupervised/self-supervised learning 
with GNNs
! So far, we have assumed that labels are available

- They are used to design a loss function


! What if the labels are not available or limited?

- Loss function should depend on the information provided by the graph itself: 

e.g., input features, graph topology

- Some examples: DeepWalk, node2vec, SDNE (they consider only the graph 

structure)


! In self-supervised learning (SSL), models are learned by solving a 
series of hand-crafted auxiliary tasks (so-called pretext tasks)

- Supervision signals are acquired from data itself, without the need for 

annotation
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Illustrative examples of pretext tasks
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Computer vision Natural Language Processing Graph machine learning

A

B

A. Image colorisation

B. Image contrastive learning

A. Masked language modelling

B. Next sentence prediction

A. Masked graph generation

B. Node contrastive learning

[Liu et al., Graph Self-Supervised learning: A survey, IEEE TKDE 2023] 




Generation-based SSL
! Pretext tasks are defined as a graph data reconstruction problem 

of either the graph structure or the node attributes

! GNNs are typically used to encode nodes in the graph (encoder) 

! The decoder reconstructs the adjacency matrix or the node 

attributes (pretext task)

! The loss is defined to measure the difference between the 

reconstructed and the original graph data (e.g., GAE)
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Auxiliary property-based SSL
! Pretext tasks are defined as auxiliary properties of the data (e.g., 

graph partition, node degree, cluster index)

! It often requires domain knowledge 

! The loss is defined to measure the difference between the 

estimated and the original auxiliary property (e.g., mean square 
error, cross-entropy)
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Contrastive-based SSL
! Pretext tasks are defined based on the concepts of mutual 

information (MI) maximization 

! The loss is defined by maximizing the estimated MI between 

augmented instances of the same object (e.g., node, subgraph, 
graph)
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Hybrid methods for SSL
! Pretext tasks are defined based on a combination of multiple 

objective 

! Balancing the different pretext tasks is often challenging 
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How do I use my labels in SSL?
! If labelled data are available, they can be combined with the 

pretext task(s) to improve the models:
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Stage 1: Pre-training on pretext

Stage 2: Fine-tuning on labeled data

Stage 1: Pre-training on pretext

Stage 2: Fine-tuning on labeled data with frozen decoder

Multitask learning: Learn jointly pretext and downstream task



Summary 
! The expressive power of GNN architectures has strong 

connections with the WL kernel


! Building more expressive architectures is still a challenge


! Self-supervised learning on graphs is a promising learning 
paradigm when labels are limited


! The choice of the pretext task is crucial; It needs to be correlated 
with the main task
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Recall: Useful resources 
! Toolboxes

- https://github.com/rusty1s/pytorch_geometric

- https://github.com/dmlc/dgl

- https://github.com/deepmind/jraph

- https://github.com/tensorflow/gnn


! Datasets

- DGL datasets: https://docs.dgl.ai/api/python/dgl.data.html

- PyG datasets: https://pytorch-geometric.readthedocs.io/en/latest/modules/

datasets.html

- OGB datasets: https://ogb.stanford.edu

- https://chrsmrrs.github.io/datasets/

- https://chrsmrrs.github.io/datasets/
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